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A MANUAL of blowpipe analysis was prepared by Prof. 
Elderhorst nearly twenly-five years ago for use in the 
Rensselaer Polytechnic Inslitute, there being 
, time no text-book which seemed well adapteil to the 
E of instruction as it was here given. To the scg- 
I edition a translation of a portion of von Kobell's 
bks (fifth edition) was added. 
I A complete revision, with many alterations and addi- 
Ions, was afterward made by the editor of this volume, 
; assistance of Prof. C. F. Chandler, which haa' 
intinucd in use to date, having passed through severali 
jns. As the demand for the book has continued, 
i beeu thought advisable to bring it up to the pres- 
ait time, which has involved a total change and nearly 
1 entire rewriting. 

A new arrangement of subjects, a change of nomea* 

e and chemical formulas, have been made, and many 

V methods of determination of compounds and min- 

s have been introduced. Still, the present work may 

S considered as based upon, or having grown out of, 

^c later editions of Elderhorsl's Manual. 
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4 PREFACE, 

In the present compilation the following works have 
been consulted : 

The editions of Elderhorst's Manual revised by Nason 
and Chandler; the German translation of the same by 
Landauer; von Kobell's Tafeln zur Bestimmung der 
Miner alien (nth edition); ' Rammelsberg's Mineral- 
Chemie ; Plattner's Blowpipe Analysis ^ translated by 
Cornwall; Dana's (J. D.) Descriptive Mineralogy; 
Dana's (E. S.) Text-Book of Mineralogy ; Ross's Py- 
rology ; and various articles in scientific journals. 

My thanks are due for many valuable suggestions to 
Dr. C. F. Chandler of Columbia College, Dr. H. C. 
Bolton of Trinity College, Prof. A. R. Leeds of the 
Stevens Institute of Technology, and especially to Dr. 
J. Landauer of Braunschweig, whose Tables have been 
introduced in this work. 

My thanks are also due to Mr. W. P. Mason, C. E., 

my assistant, for much valuable aid in the preparation 

of this volume. 
WiNSLOw Laboratory, 
Rensselaer Polytechnic Institute, 
Troy, N. K, Dec. 15, 1880. 



INTRODUCTION. 



m 



At present a knowledge of blowpipe operations is consid- 
ered not only convenient, but quite indispensable, to the chem- 
ist, mineralogist, geologist, and mining engineer. The smalt 
amount of apparatus and Tew reagents necessary, the ease, 
quickness, and certainty with which the results are obtained, 
often render blowpipe methods preferable to all others. 

A list of the more itnpoitant apparatus and reagents is given j 
in Chap. 1. 

The structure of the flame, and the manner of producingJ 
Ibe oxidizing and reducing dames, are explained at the begin- I 
ning of Chap. II. 

In accordance with the instructions there given, with a little 1 
practice these flames may be readily produced, and also a 1 
steady and continuous blast. 

A series of experiments may then be made with suitable j 
substances "In the closed tube." "In the open tube," etc. 

The following substances willTie found well adapted for e: 
hibiting the effects which may be produced ; 

I. For examination in the glass tube closed at one enc 
lime, ammonium nitrate, zinc oxide, mercury oxide, copper 
sulphate, lead carbonate, manganese dioxide, slibnite, pyrite, 
cinnabar, siderite, fluorile (see pars. 8-ii). 

the open tube ; bismuth, selenium, arsenopyrile, pyrite, 
cinnabar, galenite, sphalerite, molybdenite (see pars. 

3, On charcoal or aluminium fod : arsenopyrite, selenium, 
pjfrile, antimony, bismuth, zinc, lead, potassium chloral 
dium carbonate (see pars. 21-38), 

4. In the borax or salt of phosphorus Itead : cobalt, n 
de, manganese dioxide, chromium oxide, coppt 
a (see pars. 39-41). 
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5. With sodium carbonate : metallic oxides, silica, sulphur, 
barium, and strontium (see pars. 42-46). 

6. With sodium thiosulphate : metallic oxides (see par. 47). 

7. With acid potassium sulphate : nitrates, chlorates, iodides, 
bromides, acetates, etc. (see pars. 48-50). 

8. With zinc and hydrochloric acid after previous decompo- 
sition : molybdenum oxide, etc. (see par. 51). 

9. With cobalt solution : alumina, magnesia, zinc oxide, 
etc. (see pars. 52-55). 

10. For flame coloration : sodium, potassium, barium, stron- 
tium, etc. (see pars. 56-61). 

The following substances may then be examined, with and 
without fluxes, as indicated in the tables on pages 189-215 : 

I. Iron sesquioxide, all the reactions given in Table II. 13. 
. 2. Manganese dioxide. Table II. 16. 

;, '3. Chromium sesquioxide, Table II. 6. 
> 4. Cobalt and nickel oxides, Table II. 7, 19. 
/ 5. Copper oxide, Table II. 8. 

/6. Zinc oxide, Table II. 35, and metallic zinc (pars. 34-55). 
V' 7. Tin oxide, Table II. 30, and metallic tin (par. 28). 

8. Lead oxide. Table II. 15. and metallic lead (par. 27). 

9. Bismuth oxide, Table II. 3, and metallic bismuth (pars. 
17-26). 

10. Antimony trioxide, Table II. i, and metallic antimony 
(pars. 16-25). 

II. Arsenic trioxide, Table II. 2 (pars. 15-33). 

12. Mercury oxide, Table II. 17. 

13. Alumina, Table I. 5, and par. 55. 

V 14. Magnesia, Table I. 4, and par. 55. 

15. Silica (par. 55). 

16. A sulphide (pars. 10, 14, 121). 

17. A borate (par. 75). 

18. A chloride (pars. 82, 83). 

Having made these examinations carefully, and having per- 
formed all the operations indicated, the analyses of simple 
substances may be undertaken, and afterward of the more 
complex and difificult. 

Methods of experimenting may be learned from the ex- 
amples given, or, if considered preferable, the analyses may 
be made by use of the systematic tables given on pages 169- 
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Such tables may be of some assistance to the beginner, ^^^1 
but after little experience it will be better to lay them aside 
and depend upon the judgment in regards to the tests to be 

made and the inferences to be drawn therefrom. This method I 

may be illustrated and easily undcistood from the following ^^^H 
examples given by Klderhorst : ^^^H 

t. The substance under examination is antimony sul- ^^^| 
phide, ^^ 

Examination in a matrass ; At a very high temperature ft 
black sublimate is obtained, becoming reddish-brown when 
cold. In reading over the list {in par, lo) we find this character 
belonging to antimony sulphide. ^^h 

Examination in an open glass lube : Gives sulphur dioxide, ^^^| 
detected by the odor and action on blue litmus-paper, and ^^^| 
white fumes, which partly condense in the tube. On examin- ^^H 
ing the sublimate with a magnifying- glass, it is found to be , 

amorphous, hence must be antimony trioxide (par. 16). 

Examination on charcoal alone : Is completely volatilized, 

with emission of sulphur dioxide, and deposits a white volatile 

coaling, possessing the properties of the coating of antimony ^^H 

These few operations are quite suflicient to establish ihe ^^^| 
nature of the substance under trial, since the absence of the ^^H 
more iixed metals proved by the volatility of the substance on ^^^| 
charcoal and in the open lube, and the absence of melali ^^^| 
giving coatings by the purity of the antimony coating. The ^^^| 
presence of arsenic would have been betrayed by an alhaceous 
odor when healed on charcoal. The only substance which 
would have escaped detection by these operations is mercury 
sulphide. In order lo ascertain its presence or absence, we 
perform the operation given under '^Mercury" in Chap. III. ^^^H 

The result giving an answer in the negative, the body was'^^^H 
"antimony sulphide." ^^^H 

I. The substance under examination is lead chromate. ^^^^ 

Examination in a matrass ; \ Fuses and changes color, but '^^^^ 
Examination in an open tube : | gives nothing volatile. ^^^| 

C'^"'""'"ition on charcoal alone : Fuses, gives small metallic ^^^ 
nd deposits a coaling which is lenion-ycllow while ' 
ulphur-yelluw when cold, indicative of lead (par. 
J 
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23). It is always desirable to collect the metal to a large glo^^^j 



ule, and to study its physical properties. This end is best at' 
tiiined by mixing the substance with sodium carbonate and a 
little borax, and exposing the mixture to the reduction flame 
on charcoal. In this particular case a metallic button is ob- 
tained which is soft, may be flattened by the hammer and cut 
by the knife — properties belonging to metallic lead. 

Examination with borax and salt of phosphorus : Before pro- 
ceeding with this examination it is necessary to test the sub- 
stance for the presence of sulphur after the method given in par. 
131 (unless the presence of this element was detected by the 
examination in the open glass tube or on charcoal alone) ; no 
sulphur being present, borax and sait of phosphorus beads are 
made on charcoal, and small portions of the substance added. 
With both fluxes nearly the same reactions are obtained ; in 
oxidation flame dark-red while hot, and fine yellowish-green 
when cold ; in reduction flame green, hot and cold. In order 
10 lind out what body produces such reactions, we use Table 
II., which leads us to chromium sesquioxide. To corroborate 
the result, the substance may be fused with sodium carbonate 
and nitre, as described (par. 83). 

The physical properties of the body under trial lead to 
finni conclusion that it must be lead chromate. 

3. The substance is an alloy of silver, copper, and lead. 



closed tube ; 1 

. , ^ no change, 
n open tube ; \ 



Examination on charcoal alone : Fuses and deposits a copi- 
ous coating, which is lemon-yellow while hot and sulphur-yei- 
low when cold, indicative of lead (par. 27) ; the coaling can- 
not contain any bismuth oxide, liecause the color would be 
darker in this case, but might contain zinc oxide or antimony 
oxide. The test is for the presence of the former, the coating 
is played upon with the oxidation flame : it is completely vola- 
tile, hence no zinc present (might also be tested with cobalt 
solution, par. 54) ; to test the coaling for the presence of anti- 

I mony oxide, it is scraped off from the charcoal and dissolved in a 
bead of salt of phosphorus [v. page 56), or the alloy is treated 

I with boric acid, as described under tlie head of " Antitnpny" 
>n Chap, III. If the blast be continued for a long time, a faint 
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red coating is formed near the assay-piece, indicative of 
silvEF (par. 29), and a dark metallic globule remain; 

Examination *ith borax and salt of phosphorus ; the globule 
remaining on the charcoal after volatilization of the lead is 
treated with borax on charcoal in oxidation flame; the borax 
becomes colored. Owing to the reducing effect of the char- 
coal, the infiuence of the oxidation flame cannot be well ob- 
served on charcoal ; hence the borax is removed from the me- 
tallic globule, fastened into the hook of a pintina wire, and 
here exposed to the action of the oxidation flame ; the bead 
is green while hot, and blue when cold. On consulting Table 
II. we find that this reaction is produced by copper oxide, and 
by ii mixture of cobah oxide and iron sesquioxide : to decide 
between the two, we now expose the bead to the action of the 
reduction flame ; it becomes red and opaque, thus proving the 
presence of oxide of copper. 

By examination on charcoal alone, we were led to suspect 
the presence of silver ; in order to establish this beyond a 
doubt, we refer to Chap. 111., "Silver ;" here we find a method 
(par. 1 19) by which the presence of sUver may be ascertained 
in compounds of all descriptions. In our case, having to deal 
only with lead, copper, and silver, the treatment with vitrified 
boric acid and metallic lead is, of course, superfluous. We 
place our alloy at once on the cupel, and direct the oxidation 
flame upon it ; if, after cessation of the rotatory motion, the 
globule should not possess the bright lustre of silver, some 
metallic lead has to be added in order to remove the last, 
of copper. We finally obtained a bright globule exhib-^ 

jng all the characteristic properties of silver. 

^ have established the presence of lead, copper, and' 

4. The substance under examination is copper nickel, con- 
taining arsenic, sulphur, nickel, cobalt, and iron. 

Examination in a matrass: Gives a slight sublimate, con* 
sisting of octahedral crystals, pointing to the presence of arsenic 
(par. 11). 

Examination in a glass tube open at both ends : Gives & 
copious crystalline sublimate of arsenic trioxide. and a faint 
odor of sulphur dioxide ; to establish the presence of sulphuc 
beyond doubt, we refer to Chap. III., " Sulphur," where we find. 
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the method (par. 121) for discovering sulphur when in cor 
binalion with other substances. In performing the test the 
described we obtain the sulphur reaction. 

Examination on charcoal alone : Gives abundant arsen 
fumes, leaving a metallic globule which, even with continue 
blowing, does not give rise to the formation of a coating c 
the charcoal (absence of volatile metals). 

Having removed all volatile substances, we now proceed 
examine the remaining globule. On applying a magnet, v 
find it powerfully attracted, showing the presence of eith^ 
iron, nickel, or cobalt, perhaps all of them, either alone < 
combined with other non-volatile metals. We add some bon 
to the globule and expose it to the action of the oxidation flam 
then remove the borax from the globule, fasten it into the hoc 
of a platinum wire, and here observe the color : green whi 
hot, blue when cold as in the preceding case (example 3), b 
on exposing the bead to the action of the reduction flan 
(which is best done by placing it on charcoal and touching 
with tin), it does not become brown and opaque, showing ther 
fore the presence of a small quantity of iron with cobalt. M 
now add a fresh portion of borax to the metallic globule, : 
order to see whether it consists entirely of cobalt (that it cai 
not contain any considerable amount of iron is proved by tl 
appearance of the cobalt reaction in the first trial, iron beir 
much more readily dissolved by borax than cobalt) : the bes 
is violet while hot, and assumes a brownish color on cooling 
by referring to Table II. we see that this effect is product 
by nickel containing cobalt. Referring to Chap. III., " Nickel 
we find the method to detect the presence of this metal whe 
in combination with iron and cobalt, and also the presence ( 
copper, if the assay should contain a small quantity of it. 

By the above examples the use of the methods given in tl 
third chapter will be sufficiently illustrated. If the substan( 
under examination be of a simple composition, its nature 
readily ascertained by following the general method laid dow 
in the second chapter; but if the reactions obtained clear 
point to the complex nature of the body, we refer to the r 
spective sections of Chap. III. ; if, for example, we suspect tl 
presence of cobalt in a mineral consisting of arsenides, v 
test the substance according to par. 86 ; if a small quantity ( 



INTR OD UCTION. 1 1 

copper is to be discovered in a mineral, we proceed as directed 
in par. 88, etc. 

In order to obtain characteristic reactions and satisfiactory 
results it is important to experiment upon a suitable substance. 
A list of such substances which are sufficient to illustrate all 
the important reactions may be found on page i6. In Chap- 
ters II. and III., when a reaction is mentioned or a process 
described, a number is often added which refers to the sub- 
stance in the list well adapted for the experiment, p. 12. 

In Part II., Chap. VI., all necessary instructions for the deter- 
mination of mineral species are given. The names of the most 
important minerals, or of most frequent occurrence, are printed 
in large type; of the less common, in somewhat smaller type; 
and the comparatively rare or wholly foreign , in italics, 

A set of minerals, in small fragments, placed in corked glass 
tubes, numbered and arranged in a small box provided with 
partitioned trays, will be found very convenient for study and 
for reference. The box and trays may be made of heavy 
pasteboard, and the following dimensions will answer well 
the purpose : seventeen centimeters in length, thirteen centi- 
meters in breadth, and four centimeters in depth. The glass 
tubes are five and a half centimeters in length and one centi- 
meter in diameter. The trays, three in number, will hold 
seventy-two specimen tubes, in which the minerals of the list 
on the following page may be placed. These having been 
carefully studied, but httle difficulty will be found in deter- 
mining any of the minerals described in the tables in Chap- 
ter VI. 
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Potajiaiuni, 


Dolomite. 


Calamine. 


Titanium, 


Orthoclase. 


Serpentine. 


Willemite. 


Menaccanite. 


Apophyllite. 


Aluminium, 


Jjead. 


Rutile. 


Sodium. 


Corundum. 


Galenite. 


Antimony, 


Albite. 


Cyanite. 


Cerussite. 


Slibnite. 


Natrolite. 


Topaz. 


Pyromorphite. 




Cryolite. 




Bournonite. 


Tungsten, 


Lithium, 


Gludnum, 

Beryl. 


Tin. 


Wolframite. 


Lepidolite. 


Cassiterite. 


Mo lybdenum • 


Spodumene. 


Manganese. 


Stannite. 


Molybdenite. 


Barium. 


Pyrolusite. 


Bismuth. 




Barite. 


Franklinite. 


Native bismuth. 


Chromium, 


Witherite. 


Rhodonite. 


Copper, 


Chromite. 


Strofitium, 


Iron, 


Cuprite. 


Arsenic, 


Celestite. 


Hematite. 


Chalcocite. 


Realgar. 


Strontianite. 


Limonite. 


Bornite. 


Orpiment. 




Magnetite. 


Chalcopyrite. 


Arsenopyrite. 


Calcium. 


Siderite. 


Tetrahedrite. 




Fluorite. 


Pyrite. 


Malachite. 


Borofi. 


Gypsum. 
Apatite. 


Cobalt. 


Azurite. 


Sassolite. 
Tourmaline. 


Calcite. 


Cobaltite. 


Mercttry. 




WoUastonite. 


Nielcel. 


Cinnabar. 


Silicon. 


Prehnite. 


Niccolite. 




Quartz. 




^b « • ^m ^^^^S V w ^* ■ 


Silver. 




MagfteMiuin, 


Zinc. 


Argentite. 


Carbon, 


Magnesite. 


Zincite. 


Cera rgy rite. 


Succinite. 


Talc. 


Sphalerite. 


Pyrargyrite. 


Graphite. 


12 
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CHAPTER I. 

APPARATUS AND REAGENTS. 

I, The blowpipe in general use at the 
shown in V\g. i. It consists of a conical 
viderl with a mouth-piece, a; a cyl- 
indrical chamber, c //, to retain the 
condenseil moisture of the breath ; 
and a short lube, /^, inserted at 
right angles lo this chamber. This 
laiter tube is terminated wiih a plat- 
inum jet, A, which may be adjust 
ed to bold by friction or may be 
soldered to the tube. The termi- 
nal opening of the jet should be 
0.4 mm. in diameter. When a 
stronger flame is required, a diam- 
eter of 0.5 mm. will be found 
useful. Should the opening become 
obstructed, it may be cleared by 
removing the jet from the tube 
and heating to moderate redness. 
The trumpet-shaped mouth-piece is 
generally preferred, although other 
forms may be used. The usual length 
pipe, without the mouth-piece, is loo 
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length may lie varied to suit the visual distance of the 
Dixrator. 

Other forms of blowpipe for special work are fre- 
quently employed ; as, for instance, the stand blowpipe, 
which |>crmitti both hands being at liberty. ITiis lal- 

, in Home caiics, has a mechanical blowing-atiachmenl 
Ojicrated by the hand or foot. In most laboralories h|- 
(Jraiilic prcmure may be conveniently used for producing 
• aleady and tong-conliiiueii Mast. The gas blowpipe. 
F'K*' i iinil Z< supplying the fuel and blast through ilie 




Fig. 3. 



ichanical blower, 



■lime jet, and uxed with or without a 
!• particularly worihy uf notice. 

In Flctrher'n blowpipe the end of the tube is bent 
round ncveral times, and this becomes heated by the 
flame when in use. A hot-air blast is thus produced, 
and the temperature of the blowpipe flame is consider- 

> ably increased. 

2, Any kind of a flame may be used for the blowpipe, 

I provided it be not too small. The flame of illuminating 
gas, however, is most convenient for blowpipe experi- 
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, exrepi when testing for sulphur, ami the Bmisen | 
burner best suited for the purpose. Fig. 4. The burner I 
rests on a foot, a b, into which a block, c d, is screwed. 
To this is attached the tube, e f, in which the gas, com- 
ing through k, mixes with the air drawn through the 





Fig. 4. 



rig.e. 



holes in c d, aud burns aty with an almost non-luminous 
flame. 

For blow])ipe purposes, the tube g h, flattened at the 
lop and slanted, is introduced into the lube e f, through 
which the gas passes without being mixed with the air, 
and burns with its usual luminous flame. The heating of 
substances in giass tubes and matrasses is best performed 
over the non-luminous flame, as it deposits no soot, or 
over a common alcohol lamp. 
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An improved form of burner by Morton is shown in 
Fig. 5, which does not allow the flame to retreat into 
the tube, but is extinguished under conditions which 
would cause retrea( of the fiame in other burners. A 
cap for the above bur- 
ner by Leeds is shown 
in Fig. 5, which con- 
verts the fiame into one 
fit for use with the blow- 
pipe, and furnishes sup- 
port to steady and direct 
the blowpipe jet. 

The Ber/.elius blowpipe 
lamp, Fig. 7, consists of 
a receptacle for oil, pro- 
vided with a flat wick, 
and supported upon a 
stand. Refined rape-seed 
or olive oil should be 
leaner and having less odor 



used in this lamp, 
than sperm oil. 

A very convenient form of 1: 



op is described by Fos- 




Lo 



ter. It may 1>e made of tin-plate, brass, or ot 
A vertical section of the whole lamp is shown 



Fig. 11. 
ther metal. 



APPARATUS AND HEACBNTS. 

A is the cover, also shown in Fig. ii, which covere tlie 
whole lamp, and vi kept in place by a knob and slot, 
may also serve as a stand for the lamp when in use. E is 
the body of the lamp; B the fiat-folded wick, shown 
also in Fig. lo; C the wick-holder, shown also in Fig, 
9, a view of the lamp, without cover, from above; 
D the solid fuel, which may be tallow, stearin, paraffin, 

In using the lamp, the wtclc is lighted, and the flame 
then directed upon the fuel so as to melt it. 

After use, and before the fuel solidifies, it is well to 
draw the wick up a little, that it may be ready for light- 

An alcohol lam|) with a Rat wick, or an ordinary 
low "fluid" lamp with a small cylinder, which slides 
up and down on the tube holding the wick, by which ' 
the flame may be adjusted, is in some respects the best 
substitute for the Bunsen burner and illuminating gas. 
In this latter form of lamp a mixture of one part of tur- 
pentine, or three parts of benzol, to twelve parts of alco- 
hol, should be used. 

The heat produced by the flame of a good stearic acid 
candle is quite sufficient for most blowpijje purposes. To 
prevent the running of the melted material, Casamajor ' 
recommends wrapping the candle closely with rather 
thick tin-foil. The edges should he folded together 
several times and then pressed against the candle, so as , 
to form a close joint. 

3. Supports, Charcoal, platinum, and ^lass are 
principally used as supports. Wood charcoal is in most 
s the liest, on account of it.s infusibility, non-conduc- 
ifity, and reducing power. It mu^it be well burnt, and 
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ii'ii sr iiilill.itc or smoke; it must leave but little ash; 
I li.irM);il uS. light-wood, as alder and pine, has been 
(oil IK I till- licst. It should be sawn into blocks about 
f'l rtii. long and 3 cm. in breadth and thickness. 
Only ihosi- sides which show the rings of growth 
\hfiiild 1)1* ns(?(l. 

All cxM-llcnt. substitute for wood charcoal is prepared 
hy nil Kill)', f li;if( (jjil (lust with Starch paste, moulding into 
III* ijr .iiimI lorin, drying, and heating to dull redness in 
.1 ( Ifr-.rtl vc'.st'l or until combustible gases cease ta be 

fMV< II off. 

Ahitiiiiiiuin foil has been highly recommended by 
1'".., Ill III-. iMMtisi' on *' Pyrology,** as a substitute for 
' li.iifn.il, .111(1 in.iy be often used to advantage, especially 
I'll >jililiin.it( . Of (oaiings. On to a piece of heavy foil, 
mIi'hii I /I, inin. l'»iig, 35 mm. broad, and one end bent 
ii|i :.'> .1. Id Iniin :i rim 20 mm. deep at a slightly acute 
ui|^l«- to ihr body of the foil, a small piece of char- 
f'MJ, .iJMiiii I.' nun. s(|iiare and about the thickness of 
:i I" iiiiv, I': 1.11(1. upon which the substance under exaro- 
iiiiiMiii I J |ila(((l. Tlur foil may be cleaned by rub- 
liin// with :i little boiie-ash and water, and is quite 
(lin:ibl(- 

I'lulilnnin i*; ir.cd whenever the reducing action of the 
I h.iK o.il a( \'\ injiii loii'.ly. It is advantageously employed 
(III all o( ( a .KHiii whcie no reduction to the metallic state 
takc:s |»la(c. '\\\Ki\ \\\v color of the flux is much better 
nr-ni on the platinuin than on charcoal. It is mostly used 
III the '.hapc of wire, the end of which is bent so as to 
lor III a hook, which serves as a support to the flux. Fig. 
12. l<'or convenience it is sealed into a drawn-out glass 
lube, whi<h serves as a handle. The U-shaped hook 
forms a spherical bead, and is generally used, whilst the 
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oval-shaped hook forms a flatter bead, and is preferable 
when the color of the bead is very deep. A small plat- 

Iinum spoon or capsule, of from about i a to 15 mm. 
f I diameter, is very convenient for fusing substances 
I with fluxes, as nitre, acid potassium sulphate, etc. 
I Figs. 13 and 14. A rectangular piece of plat- ' 
I inum foil, about 50 mm. long and 15 mm. wide, , 
I bent up at the sides and end, may be used in I 
I place of the spoon. 
I Impurities are dissolved and removed from the ] 

J platinum by placing in dilute sulphuric acid and 
I rinsing with water. ' 

fli Glass tubes, open at both ends, are used for , 
calcination, and for testing the presence of sub- 
stances which are volatile at a high temperature. 
The lubes should be about 6 mm. in diameter 
and 80 mm. in length. Of glass tubes, sealed 
at one end, or small matrasses, an assortment 



^^^ 



Fig, 13, 



I ig. 15. 



should always be kept on hand, since they are of very fre- 
quent use. Figs. 16, 17, 18, 19. 

4 Of other apparatus, the most necessary are ; 

An agate mortar 50 to 60 mm. diameter, with pestle 
of the same materiLil. Fig. 15. 

Forceps with platinum points. 

forceps of steel. 

k pair of cutting pliers for taking small pieces from 
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A small hammer and anvil, both of steel and i 
polished. 

A three-cornered flle for cutting glass tubes, trying ;j 
hardness of minerals, etc. 

A small magnet. 



1 

veil 

I 




Fig. IB. 




Fig. 19. 



! 



A magnify ing-glaes 

Coal-borera. Figs. so. 

A set of watch-fflasses, wIlIcIi ;ire very conveni 
for the reception of the assay-piece, the metallic glob- 
ules, etc. 

Pieces of colored glass, about is cm. long and 5 
cm. wide; a blue one, colored with cobalt; a violet, 
colored with manganese; a red, colored with copper; 
and a green, with iron and copper. 
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A hollow glaBa prism filled with indigo solution. 
Fig. 23. 

This prism is made of plate glass and filled with i 
solution prepared by i] s 
solving one part of in 
digo in eight parts of I 
fuming sulphuric acid \ 
adding fifteen hundred \ 
lo two thousand part's ' 
of water, and fiUerin;, 
In practice the prism 1 
held close to the eye an 
moved horizontally, sr -x 
to allow the light of the 
colored flame to reach \ I 
Ihc eye through suet 
ively thicker portions ui p ^ 
the absorbing medium. 

Another form of | 
convenient, is shown in Fig. 14. 

5. Reagents, Sodium carbonate, borax, and salt of 





^P Fig. 23, 

phosphorus are the most important, but there are others 
which, though nut so extensively used, still are indispen- 
sable for the detection of certain substances ; others, the 
use of which is very limited, are omitted in this list. All 
should be as pure as possible. 



I 
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Sodium carbonate, Na.CO,. The disodiam carbonate 

or ihe monosortLiiiii, NaHCO,, may be used. Ii must be 
I perfectly free from sulphuric acid, for the presence of 
j which it may be tested as shown par. 121. it is ^^^ 
as a dissolving, decomposing, and reducing aj;ent. 

Borax, Na,Bp, + ioH,0. The commercial article is 
purified by recrystallization, the crystals washed wiih dis- 
tilled water, dried, and reduced to a coarse powder. 
Borax fuses with intumescence, forming a vitreous mass 
which dissolves metallic oxides, showing characteristic 
colors. Sodium thiosulphate. 

Salt of phosphorus [inicrocosmic salt], NH^NaHPO 
-f 4H,0. It is used for the same purposes as borax, but 
sometimes gives 
more intense or dif- 
ferent colors with 
F,g,24, the metallic oxides. 

When pure it gives 
a glass which, on cooling, remains transparent; if 
this is not the case, it must be purified by recrystalli- 

Neutral potaBsium oxalate, K.C^O^ -|- 2H,0, and 
Potaseium cyanide, KCN, are more powerful redo- 
cmg agents than sodium carbonate, and in many cases 
are to be preferred. The cyanide is usually mixed with 
an equal amount of sodium carbonate. 

Potassium nitrate, KNO,, Sodium nitrate, NaNO,, 
and PotaBsiumchlorate.KCIO,, serve onl} as oxidizing 

Acid potassium sulphate, HKSO.. It is employed 
in the fused slate as a coarse powder, and must be kept 
in a bottle provided with a ground-glass stopper. It is 
used as a decomposing agent, and often expels volatile 
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sutBlances, which may be recognized by their odor c 
color. 

Fused boric acid, B/)^. It is employed in the stat 
of a coarse powrler, especially for the detection of small 
quantities of copper in lead. 

Pluorite, CaF,. Must be deprived of water by igni- 
tion; must be perfectly free frotn boric acid, for which it 
may be tested as described par. 75. It is convenient to keep 
in a separate bottle a mixture of one part of finely-pow- 
dered fluorite, with four parts of acid potassium sul- 
phate. 

Cobalt nitrate, Co(NO,),+ 6H,0, in solution. It 
must be pure, free from alkali, iron and nickel. The 
solution should not be too concentrated — about one 
part of nitrate to ten of water; 
and, as only one or two drops 
are used at a lime, it is conve- 
nient to keep it in a bottle pro- 
vided with a long stopper 
pipette for the purpose of drop- 
ping. Fig. 25, or, still better, i 
a small bulb. Fig. 26, blown froi 
a thick, soft glasb tube about 2 
to 25 mm, in diameter. To fill ^*^' 
the bulb it is gently heated and 
the tip placed in the solution. 
After a drop has entered ihe bulb, it Js converted into 
vapor by carefully heating, and the tip again placed- in the 
liquid, which immediately (lows into the bulb. It should 
not be more than half or two-thirds full. If now the bulb 
is inverted and held in the warm hand, the solution is 
forced out by the expansion of the air. it is used for 
the detection of earths and metallic oxides, which give 
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characteristic colors on being moistened and heated 
with it. 

Nickel oxalate. It must be perfectly free from iron 
and cobalt ; it is lesterl with borax, with which it oughl 
to iiriiiliiff a pure brown glass. 

Hydrochloric acid, HCl, is used for the decompod- 
tion of rnrlionates, for conversion of substances into chlo- 
rides, in testing dame-coloration, and, in connection with 
xint, for llie deterlion of some of the rare metals. 

Nitric acid, HNO,, is used in the separation of silver 
from gold. 

Bulpburio acid, H,SO,. Pure concentrated, for va- 
rious purposes, especially testing for flame-colors, 

Olyoerin, for detection of boric acid, as proposed 
by lies, for decomposition of silicates to extract their 
alkalies, for spectroscopic work, ami as a general lab- 
oratory reagent when mixed with two parts of HCI, as 
protHwed by l-eeds. 

Copper oxide, CuO. It is best prepared by igniting 
the dried nitrate in a porcelain dish. 

Silver chloride, AgCI. It is prepared by precipitat- 
ing a soliilion of silver nitrate with hjdrochloric acid, 
washing the precipitate, and making it into a thick paste 
with water, which is kept in a small glass- stoppered bot- 
tle. This reagent should not be used with platinum wire, 
since the silver fuses with the platinum to an alloy; fine 
iron wire is in this case substituted for the platinum. For 
each experiment a fresh hook should be made. It is used 
for intensifying the flame-coloration. 

Lead. It is easily obtained pure by decomposing a 
solution of the acetate by metallic zinc; the precipitate 
is repeatedly washed witli water and then dried between 
filter papers. 
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Iron. In the shape of fine wire ; used for reduclJoiis 
in the wet way. 

Tin. Usually in the shape of foil, which is cut into 
strips and rolled up tightly into small long pellets. If 
applied lo a bead containing a metallic oxide, and heat- 
ed in the reducing flame, it acts as a powerful reducing 
agent. 

Magnesiuni ■wire, in short pieces, for the detection 
of phosphoric acid. 

Zinc, granulated, to be used with hydrochloric acid 
for the detection of rare metals whose solutions are re- 
duced by the nascent hydrogen, giving characteristic 
changes of color. 

Silver, foil or coin, for testing sulphur lOiiipounds. 

Gold, in small grains, 50 to Co mgrs., to use in testing 
for nicke! and cobalt. 

Bone-ash. In the state of very fine powder, for cupel - 
lation. 

Test Papers. Blue and red litmus paper for the 
detection of acids and bases, Brazil wood pa[}er for the 
detection of fluorine, and turmeric paper for the alka- 
lies, boric, and molybdic acids. 

6. If the analytical research is striciiy confined to 
blowpipe operations, the above reagents are siifficieni ; 
but if, as is sometimes advantageously done, some simple 
operations of the humid method of chemical analysis are 
called to aid, the list must be somewhat extended. The 
most important of these reagents are ; potassium hydrate, 
ammonium hydrate, ammonium chloride, ammonium car- 
bonate, ammonium oxalate, ammonium sulphide, ammo- 
nium molybdate, potassium ferrocyanide, potassium ferri- 
cyanide, platinum dichloride, lead acetate, alcohol, and 
distilled water. 
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^^ « Also the following apparatus: test 




fl^:^ tubes and test-tube rack.ymall porcelail 




j • dishes, small beaker glasses, glass fun^ 




^ • nels, filter stand, filter paper, plalinuifl 




E a crucible, glass rods, a good balance o 




1 • apparatus for the determi nation of Ih 




1 ,- siiecific gravity of minerals and othe 


c 


g \ substances. Jolly's spring balance i 




3 ■ very convenient, and gives accurate re 
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1 » suits. 
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■ o JOLLY'S SPRING BALANCE. 
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of the load and the extension of the spiral. 
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e manner of using the balance is extremely simple. 
Before the substance is placed on the pan, the place of ihe I 
mark is observed on the scale. A known weight is then 
placed on the upper pan, and the shelf, B, moved down 
as far as necessary — so far that, with the oonsequent ex- 
lension of the spiral, the pan d will again sink into the 
water, when a second reading is made. The difference 
in these figures gives the number of divisions on the scale 
over which the spiral has been made to pass by the weight. 
If il is found, for example, that with a weight of one gram 
the extension of the spiral is 122.2 divisions, while with 
some substance, as a piece of mineral, the extension is 
only 54.4, the absolute weight of the substance will be 

If, however, the absolute weight is not desired, only 
the specific, it is not necessary to express the absolute 
weight in grams Three readings are made: first, with 
empty pan ; second, with substance placed on the upper 
pan; and the third after placing the same substance on 
the pan under water. The difference between the first 
two gives the absolute weight, expressed in divisions of 
the scale, and the difference in the last two gives the 
weight of the displaced waler. The quotient of these 
differences is therefore the specific weight. If the mark 
with empty pans stands at 64,2, and with the substance 
placed in the upper pan at 275.3, and with the same sub- 
stance in lower pan at 220.8, then the absolute weight 
is 275-3- 64.2 — 211.1, and loss of weight in water is 
275.3 — 220.8^ S4-S- Siwcific weight will be-^,^ = 
3.85- The second decimal is not always certain, but by 
proper arrangement of the spiral is found as reliable as 
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both pans are taken off, and in place of them a glass of 
about I cc. in size is suspended by a fine platinum wire. 
The loss of weight in water and in other liquids is shown 
l)y the scale, as in the former case. 

As shown in the drawing, the shelf, B, is attached to the 
standard, A. The movable standard, C, has the same 
lirngtli as A, can be raised or lowered, and made fast at 
any point. C is drawn out, according to the length of 
the spiral, so Hir that the mark with the pans empty stands 
opposite one of the upper divisions of the scale, which, 
to show the whole extension of the spiral, must be at least 
600 nmi. long. 

10 very spiral at first shows a little elasticity, which 
^rows less, and which during any one experiment amounts 
to really nothing. 



CHAPTER II. 



HE flame of a candle consists of three distinct parts — 
the dark central zone or supply of nnburnt gas snrround- 
ing the wick; the luminous zone or area of incomplete 
combustion; and the non-himinous zone or 
mantle of complete combustion. (Fig. 28.) 
In this outer zone the supply of oxygen is 
greatest, all the carbon is at once burned, and 
the flame becomes non-luminous. Tlie effect 
, of producing a complete combustion at once 
throughout the flame is seen in the Hansen 
gas-lamp or burner. In this lamp (see Fig. . 
4) the gas issues from a small central burner, 
and, passing up the tube, draws air with it 
through the holes at the bottom of the tube ; 
the mixture of air and gas can be lighted at 
the top of the tube, where it burns with anon- 
luminous flame. If the holes be closed, the 
gas alone burns with the ordinary bright ' 
flame. The blowpipe flame may also be 
divided into two distinct parts — the oxidiz- 
ing flame, where there is excess of oxygen, and the re- 
ducing flame, where there is excess of carbon — and these 
Idistinguisbed by the same properties as the outer, and I 
!r or luminous, zone of the candle-flame. 
L 
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To produce the oxidizing flame (Fig. 29), the stream 
of gas should not be too strong. The jet of the blow- 
pipe is placed just within the flame, near the slit in the 
tube, so that a strong current of air is thoroughly mixed 
with the gas, which forms an inner long blue flame, a b. 
The hottest part of the flame is just before the apex of 




Fig. 29. 

this blue cone, d, where the combustion of the gases is 
most complete. For fusion, substances are exposed to 
this part, but for oxidation are placed a little beyond 
the apex, exposed to the air. 

The reducing flame (Fig. 30) is produced by so placing 




Fig. 30. 

the blowpipe that the jet just reaches the flame a little 
above the slit, and a gentle current of air made to pass a 
little higher above the tube than in Fig. 29. The whole 
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flame now appears as a long, luminous cone, a b, being 
partially charged with glowing carbon surrounded with a 
pale-blue mantle, which extends to c. The most active 
part of the flame lies between a and d, somewhat nearer j 
a. Any reducible metallic oxide placed at this point 
will be deoxidized or reduced, on account of the tend- | 
ency of the free carbon in the flame to combine with the ' 
oxygen. It is often found necessary to maintain the re- 
ducing flame for a considerable length of time, and that 
the substance should be completely surrounded by it, in 
order to obtain the desired results. On this account a 
little more practice is required for this flame than for the 
oxidizing. 

The blast should be produced with the cheek-muscles 
alone, and not with the lungs. The trumpet-shaped 
mouth-piece is pressed against the iips, and breathing 
is effected through the nostrils. In this way a con- 
stant and regular blast may be produced, and, after a 
little practice, without any perceptible exertion or 



7. On examining a substance before the blowpipe 
with a view to determine its nature, or to ascertain the 
presence or absence of certain matter, it is advisable to 
follow a systematic course, composed of a series of opera- 
tions, and to attentively observe the changes which the 
body undergoes under the influence of the various agents 
which are brought to act upon it. The various operations 
to which the assay is submitted are so many questions, to 
which the phenomena we observe constitute so many an- 
swers; and from their ap[iearance or non-api>earance we 

^^j/K able to draw definite conclusions as to the nature of 

^Hb|.«ubstance under examination. 

^^H^ic following order, and the rules to be observed 
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ill the execution of the various operations, are essen- 
tially the same as first pointed out and laid down by 
Berzelius. 

(i.) Examination in a glass tube sealed at one end or 
a matrass. (Figs. i8 and 19.) 

(2.) Examination in a straight or slightly-bent glass 
tube open at both ends. (Figs. 16 and 17.) 

(3.) Examination on charcoal or aluminium foil by 
itself. 

(4.) Examination with reagents — borax, salt of phos- 
phorus, sodium carbonate, sodium thiosulphate, acid po- 
tassium sulphate, cobalt nitrate solution, and zinc with 
hydrochloric acid. 

(5.) Examination in the platinum-pointed forceps, or 
on platinum wire by itself, for the determination of fusi- 
bility and flame-coloration. 

Regarding the size of the assay, a piece the size of a 
mustard-seed will generally be found sufficient, larger 
pieces, without showing the reaction more distinctly, re- 
quiring more time and labor. In some cases, however, 
it is advantageous to employ a greater quantity, espe- 
cially for reductions or for heating in a glass tube ; for 
the larger the metallic globule, and the greater the 
amount of the sublimate produced, the more readily can 
its nature be ascertained. A portion of the original sub- 
stance should be reserved for confirmatory tests or for 
examination in case of accident. 

It is a good plan to place the lamp on a large piece of 
white paper with upturned edges, or on a bright tin plate, 
so that if a globule or portion of the specimen is dropped, 
it may be easily found. 



EXAMINATION IN THE CLOSED TUBE. 



KAMINATION IN A GLASS TUBE CLOSED AT 
ONE END OR A MATRASS. 

8. The substance is introduced into a small glass 1 
tube sealed at cue end or into a small matrass, and 1 
heat applied by means of a gas- or spirit-lamp. The j 
heat must at first be gentle, but may be gradually raised 
to redness if necessary. By this treatment we learn 
whether — 

^K TV 

^W, Among the phenomena to be observed, the following 

^K^e deserving of particular attention ; 

^V 9, (i.) Water is given off, which partly escapes and 

^^partly condenses in the colder portion of the tube. This 
points to the presence of a salt containing water of crys- 
tallization* [No. 46], to the presence of a hydrate, or 
to salts which contain water mechanically inclosed 
between the laminse of the crystals [No. 41] ; in this 
case the substance usually decrepitates. The drops of 
condensed water are to be examined with test-paper; an 
alkaline reaction denotes the presence of ammonia, and 
an acid reaction the presence of some volatile acid, as sul- 

^—phuric, nitric, hydrochloric, hydrofluoric, etc. 

^LlO. (a. J Gas or vapor is given off. Those of most usual ■ 

^^Kcurrence are 

^^t a. Oxygen, easily recognized by placing a small piece 
of coal upon the assay, which burns brilliantly on being 
heated; points to the presence of a peroxide, nitrate. 



* The numbers tefei li 
Ibe book, page 16. 



il of bubslaritti at llit beginning of 
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chlorate, bromate or iodate [No. 42]. If the quan- 
tity of the substance is very small, add a very little so- 
dium chloride and sulphuric acid. On being warmed, 
in place of the oxygen, chlorine is set free, and is recog- 
nized by its smell and bleaching action on blue litmus 
paper. 

b. Sulphur dioxide, easily recognized by its peculiar 
odor and action on blue litmus paper; indicates the pres- 
ence of a sulphate or sulphite [No. 46]. 

c. Sulphuretted hydrogen, recognized by its peculiar 
odor; indicates the presence of sulphides containing 
water. 

d. Nitrogen tetroxide, recognized by its deep orange- 
red color and acid reaction ; indicates the presence of a 
nitrite or nitrate [No. 43]. 

e. Carbon monoxide, which burns with a blue flame; 
indicates oxalates or formates. In the latter case the 
substance blackens. 

/. Carbon dioxide, recognized by causing a turbidity 
in a drop of lime-water suspended from the convex side 
of a watch-glass and exposed to the escaping gas; points 
to the presence of a carbonate or the oxalate of a re- 
ducible metallic oxide. 

g. Cyanogen, recognized by its peculiar odor and by 
burning with a crimson flame ; indicates the presence of 
a cyanogen compound. 

h, Afnmonia, recognized by its odor and alkaline reac- 
tion ; indicates the presence of an ammoniacal salt or 
of an organic nitrogenous substance ; in the latter case 
the mass usually blackens, and evolves at the same time 
either cyanogen or empyreumatic oils of offensive odor 
[No. 34]. 

/. Hydrofluoric acid changes the color of test-paper, 
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and also attacks the glass just above the assay and makes I 
it dull. I 

y. Chlorine, indicated by greenish-yellow fumes and I 
its odor. I 

k. Iodine is indicated by violent fumes and its peculiar 1 
odor, and, if the amount is not too small, will form a I 
steel-gray sublimate. I 

/. Bromine, indicated by its orange-colored vapor and ] 
its pungent odor. 1 

tlL (3.^ A sablimate is formed. 
'(«,) WHITE SUBLIMATES are formed by: 
0. Ammonium salts. On removing the sublimate from 
e tube, placing it on a watch-glass, adding a drop of j 
potassium hydrate and aj^lying heat, ammonia is evolved 1 
[No. 37]- I 

b. Mercury chlorides. The mercurous chloride sub- 
limes without previous fusion ,' the mercuric chloride 
fuses first, then sublimes; the sublimate is yellow while 
hot, but becomes white on cooling [Nos. 49 and 50]. 
Mercuric oxide forms globules of mercury. 

c Antimony irioxide. It fuses first to a yellow liquid,, 
then sublimes; the sublimate consists of lustrous needle- | 
shajsed crystals [No. 19]. 

d. Arsenic trioxide. The sublimate consists of octalie- | 
draj crystals [No. 31]. 

e. Tellurium dioxide shows a reaction sLuiilar to I 
of antimony trioxide, but reqinres a mui h higher t 
pcraiure ; the sublimate is amorphous 

f. Osmium letroxide forms a subhmate of white drops,,] 
with a pungent, disagreeable odor 

{(i.) BLACK OR GRAY Slhl IM-iTES wuh metallic J 
lustre, or metallic mirrors, are formed by : 

a. /Irscnic, ant] arsenides containing more than one 1 
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I equivalent of arsenic to two of metal; also, some sulph- 
[ arsenidfs [No. 74] ; culling tlie lube below the sublimaie 
|_ and exposing the mirror to gentle heat in the gas-flame. 



s perceived, 
and some mercury salts ; the 
e globules of mercury, which, 
copi^er wire, readily unile to 



high temperature ; the 
b les, which solidify on 



[the garlic odor of a 

, Mercury, amalgams, 
\ Bublimale consists of minui 
by friction with a piece of 
larger globules [N ] 
, Some alloys o C 
'. Tellurium, o 
\ sublimate consists m 
. cooling. 

(7.) COLORED B are formed by: 

a. Sulphur, anA Sulphiiits containing a large amount of 
sulphur; the sublimate is deep-yellow lo brownish-red 
while hot, but pure sulphur-yellow when cold [No. 7a]. 
6. Atitimony sulphides, alone or in combination with 
other sulphides ; the sublimate forms only at a very high 
temperature, and is deposited at a short distance from 
the assay-piece; it is black while hot, reddish-brown 
when cold [No. 71]. 

c. Arsenic sulphides and some compounds of metallic 
sulphides with arsenides; the sublimate is dark brownish- 
red while hot, but reddish-yellow to red when cold [No. 

' d. Cinnabar. The sublimate is black, without lustre, 
and sometimes yields a reii powder on being rubbed or 
if scratched with a knife [No. 78]. 
I e. Selenium and some selenides; the sublimate appears 
\ only at a high temperature, is of a reddish or black color, 
L and yields a dark-red powder; at the open end of the 
I tube the peculiar odor of selenium (resembling rotten 
I horse-radish) is perceived [No. 84]. 
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12. Many substances under this ireatrnent suffer physicaM 
changes without being affected in their chemical constitu 
lion. The most important of these physical changes are.^ 

1. Change of color: 
((J.) From white to yellow, and white again on cool- \ 

xide [No. 22]. 
ip.) From while to yellowish-brown, dirty pale yellow I 
a cooling; tin oxide [No. 23]. 
I (c) From white to brownish-red, yellow when cold. 

a fusible at a red heat ; lead oxide [No. 69]. 
t (if.) From white to orange-yellow or reddish -brown, 
: yellow when cold, and fusible at a bright red heat; 
■"bismuth oxide [No. ao]. 

(<■,) From red to black, and red again on cooling; j 
ferric oxide {non-volatile') [No. 24]. 

(f.) From red to black, red when cold; mercuric | 
oxide (voliili/f). 

2. Garbomzation : organic substances. 

3. Fusion: some alkaline salts. 

4. Decrepitation: alkaline chlorides and very many I 
erals. f 

PhoBphoreBcenoe : alkaline earths, earths, tin 
, zinc oxide, and many minerals. 



1,13. A fragment of the substance, sometimes in form 
I a powder, is introduced into the tube to n depth of 

ti., the end to which it lies nearest slightly J 
Clined. and heat applied. The air contained in 
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lube becomes heated ; it rises, escapes from the upper 
end, and fresh air enters from below. In this manner a 
calcination is effected, and many substances which re- 
mained unchanged when heated in a matrass yield snb- 
liniales or gaseous products wiien subjected to this treat- 
ment, owing to the formation of volatile oxides. 

By this means the presence of the following substances 
can be detected : 

14. Sulpliur, Sulphur dioxide is evolved, which is 
characierieed by its peculiar odor and action on moi^- 
ened blue lilmus paper [No. 72]. 

15. Areenlc. If present in sufficient quantity it yields 
a white and very volatile sublimate of arsenic trioxide, 
consisting of minute octahedral crystals; by application 
of gentle heat it may be driven from one place to another 
[No. 74]. 

16. Antiinoiiy. White fiiraes of antimony trioxide are 
given out, which partly escape and partly condense in 
the upper part of the tube The sublimate is a white 
powder, and may, if cons st ng of pure antimony triox- 
ide, be volatilized by heat In n ost cases, however, the 
oxidation proceeds farther a d a mony telroxide, a 
non-volatile white powder s forned [No. i], 

17. Bismuth. When not conb ned th sulphur, it is 
converted into oxide, wh ch conde ses at a short distance 
from the assay, and whicl by 1 e n av be fused lo brown- 
ish globules, which on cool ni, be ome pale yellow [No- 
4]- 

18. Mercury and Amalgams yield sublimates of metal- 
lic mercury in small glolmlcs [No. 9] . 

19. Tellurinm and Tellurldes. Tellurium dioxide is 
produced, which condense.s in die upper part of the tube 
lo a white non-volalile powder; on application of heat 
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it fuses 10 colorless globules, thus distinguishing it from ! 
antiiTiony [No. S5]. 

20. Selenium and Selenides evolve a gaseous oxide of j 
a peculiar odor, resembling that of rotten horse-radish J 
[No. 84] ; a sublimate of selenium, gray near the assay 1 
and red at a distance, is sometimes formed. 



21. A small quantity of the substance is placed 
shallow cavity near to the edge of the ^o.^l, which is held ^ 
slightly inclined, so that when the fl^me is directed upon I 
it, the coating, if one is formed, is deposited on the coal. 
Its behavior in both flames should be observed. If the I 
substance is in the form of a powder, or if it decrepitates | 
so that it must be reduced 10 a powder, it may be moist- I 
ened with water and then packed into the cavity. C 
small grain of borax may be first fused in the cavity, ; 
the powder or fragment pl.iced upon it while the borax 1 
is still in the melted state. 

Should aluminium foil be used in place of charcoal, ' 
the substance is first heated on the bare foil, and after- 1 
ward on the small piece of coal described on page : 
In this way the readily volatile metals, together with the I 
difficultly ones, may often be determined. The coaiin 
are thicker on the foil than on the coal because the sup- I 
port remains at a lower temperature and the vapors con- 
dense upon the vertical portion. The coatings are treated I 
with the reducing flame and the peroxidizing flame. The 1 
latter is obtained by bringing a good oxidizing flame I 
within one or two inches of the coating obtained. 

K following [iheiionicna should be considered: 
(i.) PuBibility. The easily-fusible non-metal' \ 
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tic cnm/fifUfuts arc most of the alkaline salts and some of 
the salts of the alkaline earths, as barium and strontium 
hydrates, and, after continued heating, their carbonates 
and sulphates- Their residues, after ignition, have an al- 
kaline reaction, turning moist turmeric paper brown. 
Some are volatile and cover the charcoal with a coat- 
ing fsee page 53 Ci, 2, 3). 

The ittfnsiblr ivithout flatne'coloration are compounds 
of the earths and of the alkaline earths, which glow in- 
tensely when heated, and may be further tested with 
cobalt soliiti(;n; also silica and many silicates. 

The ittfusihlc with citange of color are the oxides of 
zinc, tin, titanium, niobium, tantalum, tungsten, which 
take on a yellow color while hot. 

The ccisiiy fusiiiic metals are antimony, lead, bis- 
muth, cadnitnu), zinc, tin, tellurium, thallium, and in- 
dium. 

The snmrufhat dijficultly fusible are gold, silver, and 
c(;pper. 

The infusihlr are iron, cobalt, nickel, molybdenum, 
platintnii, iriditnn, osniitnn, palladium, rhodium, and 
ttuigsten. 

{2.) Deflatrration. Nitrates, chlorates, iodates, bro- 
mates. 

f^.; Decrepitation. Sodium chloride, other haloid 
salts, substances containing water, and many minerals. 

(4. ) Intumescence. Substances containing water of 
crystalli/ation, as borates, alums, etc. 

(5.) Odor. It is usually given off as soon as the flame 
is directed upon the substance. Smell of sulphur dioxide 
indicates sulphur or sulphides; odor of garlic, arsenic; 
odor of rotten horse-radish, selenium. 

(6.) Color of flame may be better seen when plat- 



r 



EXAAfmATlOX ON CllAHCOAL. 



45 



imim wire or the platinum -pointed forceps arc used for 
support and the substance placed in tlie Bunsen flame 
(see pars. 56-61 and Cliap. IV.). 

23. ( 7. ) Beduotion to metal and formation of a 
coating'. Some melalHc oxides are reduced to metal 
when healed on charcoal, some are wliolly or partially 
volatilized, the vapor passing off or forming a coating 
upon the charcoal. Oftentimes a considerable amount 
of ash is formed upon the coal where the flame strikes 
it, which may be mistaken for a coating. 

As already observed, most of the metallic oxides can 
be easily reduced by the reducing flame alone, others 
with difficulty, and some not at all. The latter, in a. 
fine state of division, may be mixed with sodium car- 
bonate or with a mixture of this with potassium cyanide, 
or potassium oxalate if it be used, and then treated in 
the reducing flame. The reduction is generally easily 

IlThe above reagents do not prevent the formation of a 
lum, 
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\{,A.) REDUCED METAL WITHOUT COATING. 

; Gold, silver, and copper form malleable beads with ] 
Pallic lustre. Molybdenum, tungsten, platinum, palla- 
dium, iridium, rhodium, iron, nickel, cobalt, give a gray 1 
infusible powder, which, in case of the last three : 
stances, is magnetic. 

To separate the reduced metal, the fused mass is cut j 
out from the charcoal, ground with water in a mortar, 
and the lighter particles of coal are poured off with the I 
water. The malleable metals remain in flattened, shining! 
scales, and the brittle ones as metallic powder. Silver, 
gold, and copper may be distinguished by their colors. | 
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Tlir other metals arc determined by further treatment 
with borax and salt of phosphorus. 

(A.) NEnrCED METAL WITH COATING. 

25. Antimony. It fuses readily and covers the char- 
ronl with while oxide ; the ring is not so far distant from 
ihr nHHrty-piccc as in the rase of arsenic; it may be driven 
/ibcMit by the oxidizing flame and made to disappear with 
\\\v n'(hi(ing flame, which it colors a very pale green, but 
i?» not so volatile as that of arsenic, and does not emit an 
fdliai rolls odor. Metallic antimony, when fused on char- 
< oal and heated to redness, remains a considerable time in 
a Htate of ignition without the aid of the blowpipe, disen- 
gaging, at the same time, a thick white smoke, which is 
partly deposited on the charcoal around the metallic glob- 
ule in white crystals of a pearly lustre [No. i]. 

On ainminiiim foil the coating near to the assay is yel- 
low, farther away pure white, and still farther off bluish- 
while. Most minerals yield antimony on the bare plate. 
The peroxidizing flame darkens the yellow color momen- 
tarily, whilst the reducing flame instantly blackens all 
parts of the coating. 

2(1. BlHmuth. It fuses readily in both flames and cov- 
ers the charcoal with oxide, which is dark orange-yellow 
while hot and lemon-yellow when cold. The yellow 
coating is usually surrounded by a yellowish-white ring, 
consisting of bismuth carbonate. The coating is some- 
what nearer the assay than that of antimony; it may be 
driven away by both flames, but, unlike antimony and 
lead, does not impart any color to the reducing flame 
during the operation [No. 4]. 

On the aluminium foil little or no coating is obtain- 
ed, but on the charcoal support a coating is produced 
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which is yellow nearest the test-piece, passing into 
orange, and this into brown. Upon the ledge also a 
yellow coating is formed. The oxidizing flame darkens 
the color of the yellow and orange portions temporarily 
(^coinpare Lead), whilst the reducing flame blackens both, 

27. Lead. U fuses easily and coats the charcoal in both 
flames with oxide, which is dark lemon-ydlow while hot 
and sulphur-yellow when cold, with a border of bluish- 
while which consists of rariwnale. The coating is found 
at the same distance from the assay as that of bismuth ; 
it may be driven away by either flame ; when played upon 
with the reducing flame it imparts to it an azuri;-blue color 
[No. 3]. 

On aluminium foil a coating is obtained only on using 
a charcoal support, as in the case of bismuth. The tuat- 
ing is coffee-brown, surrounding a pale yellow ring; on 
the ledge it is white. The yellow and white parts become 
brown in the oxidizing flame, retaining this color on 
cooling, whilst the brown color, in the case of bismuth, 
disappears again on cooling. In the reducing flame all 
parts become black. 

28. Tin. It fuses readily; exposed to the oxidizing 
flame, it is converted into oxide, which may be blown 
away and thus be made to appear as a coating; it is al- 
ways found closely surrounding the assay-piece, is slightly 
yellow and luminous while hot, white when cold, and 
non-volaliie in both flames. Exposed to the reducing 
flame, the molten metal retains its bright metallic aspect 
[No. 7]. 

On aluminium foil a faint white coating is obtained 
liy long heating on the charcoal support. The reaction 
on the support is the same as that on charcoal, just de- 
scribed. 
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29. Silver. When exposed for a long time to the 
action of the reducing flame it yields a slight dark-red 
coating of oxide [No. 8]. If the silver contains lead 
or antimony, a yellow or white coating appears before 
the red one ; or if lead and antimony are present at the 
same time, the coating has a bright rose-color. 

On aluminium plate a brown coating, shading off into 
a h'ghter rim having a reddish tinge, is obtained. Near 
the glowing edge of the charcoal is a narrow whitish strip 
with a faint pink tinge. The oxidizing flame darkens 
all parts, whilst the reducing flame produces a circle of 
white having the appearance of frosted silver. The rose- 
colored coating produced by silver in presence of anti- 
mony, coming out beautifully on aluminium plate, is, 
however, more characteristic. 

30. Gfold. On charcoal fuses, but gives no coating. 
On aluminium plate a coating is produced after heating 

for some time with charcoal support. The gold is vol- 
atilized, and near the charcoal a yellow film of gilding 
is deposited on the plate ; beyond this is a strip of vi- 
olet, and dotted all over are little specks of gold carried 
away mechanically. 

31..TliaIlllLin. It fuses easily and coats the charcoal with 
white oxide, which is driven away by slight warming ; on 
contact with the flame this latter acquires a green colora- 
tion, and the oxide disappears. The fused bead, which 
also colors the flame green, remains fluid for a consider- 
able time after the flame is removed, and sometimes de- 
posits a brown coating in its neighborhood. 

On aluminium plate a copious white coating is first 
produced, which, as the temperature of the plate in- 
creases, is followed by a brownish one. In the oxid- 
izing flame the white part instantly turns reddish-brown. 
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This change lakes place more quickly than with lead, and 
the color produced is very different. In the reducing 
flame all parts become black, and in the thickest por- 
tions little black beads can he seen with a lens. 

32. Indium, it fuses readily, forming a coating very near] 
the assay, which is dark yellow while hot and yellowish J 
white when cold. It may be driven off with difficulty by ] 
the reducing flame, to which it gives a clear violet ti 

(C) COATING WITHOUT REDUCED METAL. 

33. Arsenic, It is volatilized without previous fusion 
the charcoal is covered with a while coati 
distant from the assay-piece, and which is produced by 
both the oxidizing flame and reducing flame ; the coating 
is very volatile, and is easily driven away by the blow- 
pipe flame, to which it imparts a light-blue colo; 
ting the peculiar alliaceous odor characteristic of arsenii 
[No. 3]. 

I On akiroinium foil without charcoal support a white 
f eoaling is obtained, and a black slain is produced under 
■flie test-piece. On the charcoal support, when much ar- 
senic is present, there is also a grayish -black coaling, to- 
gether with large black stains on the ledge. In the 
oxidizing flame the white portion is unchanged, but 
volatilizes rapidly as the plate gets hot. The gray and 
black portions are somewhat whitened antl partly re- 
moved, but dark stains remain. The reducing flame 
volatilizes the coating rapidly, and the arsenic smell is 
very clearly perceptible. 

34 Zinc, It fuses readily; exposed to the oxidizing 
, £ame it bums with an intensely luminous greenish-white 
nitting at the same time a thick white smoke, 
rhich, partly condensing 
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the assay, covers it with oxide, yellow while hoi and 
white when cold. The coating, when played tipon witli 
the oxidizing flame, becomes luminous, but does not dis- 
appear [No. 6]. 

On aluminium foil without charcoal support, scarcely 
any coaling is obtained. On a charcoal support a black 
film is produced as soon as the metal begins lo burn, which 
directly gives place to the while oxide film. The oxid- 
izing flame and reducing flame have no action on the 
coating. Minerals containing zinc do not give the black 
coating. 

35. CadmimiL It fuses readily, and exposed to the 
oxidizing flame it burns with a dark-yellow flame, emit- 
ting brown fumes of oxide, which cover the charcoal 
around and near the assay. This coating is very cha- 
xacteristic; it is, when cold, of a reddish-brown color; 
in thin layers, orange-yellow; it is easily volatilized by 
both flames without imparting a color to them. Be- 
yond the coating a variegated border is sometimes seen 
[No. s]. 

On aluminium foil a dark brown, almost black film is 
obtained, which is not affected by either ihe oxidizing 
flame or reducing flame. On the edges of the charcoal 
support a little reddish-brown oxide is usually deposited. 

36. SelBninm. It fuses very readily in both flames vrilh 
disengagement of brown fumes; at a short distance from 
the assay a steel-gray coating of a feeble metallic lustre 
is deposited; played upon with the reducing flame, it 
disappears with emission of a strong odor of rotten 
horse-radish, at the same time imparting to the flame a 
fine blue color [No. 84]- 

On aluminium foil with charcoal support a red coating 
is formed, together with some brown and white film. The 
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oxidi/injj flume whitens the red and brown parts, whilst 
iKi- reiiiiciiiH (lame j-ives lo all parts a deep brown color. 

37. Tellurium, ll fuses very readily ami coats the char- 
coal in both flames with Icliurium dioxide; the coating iRtiot 
very far distant from the assay ; it is of a white color with 
a red or dark-yclIow edge ; played n[K)n with the reducing 
flnme it diiiappcars, imparting to the flame a ^reen tinge. 

On uluniinium foil, with and without the churctittl ' 
support, a strong coaling is formed close to the assay, 
which is brown in thin films, Where the dcpoeil is lUick- 
cst a white layer of tellurium dioxide forms on short ex- 
posure to the oxidizing flame. 'I'hc reducing flame turns 
aW parts black; on longer blowing the coating disappears, 
the flame liecoming tinged with green. 

38. Molybdenum. The meial, a grayish infusible pow- 
der, oxidiica in the oxidizing flame and gives a pmrily 
crystalline coating, which is yellow whilst hot and w1iit< 
when cold. By momentary cxjinsure lo the flame the 
coating becomes of a beautiful Hark-bhie color {niotytxlic 
molybdatc); by longer heating it becomes dark cop|)er- 
rcd. with metallic lustre (molybdenum dioxide). 

On aluminium plate the coating I best obtained from 
molylxlenite or ammonium molybtlatc) is iiroduced with- 
out charcoal and is light-yellow with white film. The 
oxifiiiting flame darkens the color somewhat, whilst the 
reducing flame by momentary contact produces a beau- 
tiful blue coloration. 

Besides the above-named elements, there are other auh* 
stances that yield white coatings which may, with few 
exceptions, be driven away when played upon by the 
oxidizing flame, and which heir some resemblance to 
(hose described. The most important bodies of this 
kind arc the following; 
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(i.) The sulphides of the alkalies, of lead, bismuth, 
antimony, zinc (coating non-volatile), tin (coating non- 
volatile), and the chlorine, iodine, and bromine com- 
pounds of ammonium, mercury, and antimony: they 
coat the charcoal without previously fusing or sinking 
into the support. 

(2.) The compounds of the alkalies with chlorine, bro- 
mine, iodine, and sulphuric acid; they fuse and sink into 
the charcoal before they evaporate. 

(3.) The chlorine, bromine, and iodine compounds of 
lead, tin, bismuth, zinc, and cadmium, which fuse but do 
not sink into the charcoal before they coat it. 

EXAMINATION WITH BORAX AND SALT OF 

PHOSPHORUS. 

39. The examination of the assay with borax and salt 
of phosphorus is eminently adapted to detect the pres- 
ence of metallic oxides, a great number of them possess- 
ing the property of being at a high temperature dissolved 
by these fluxes with a characteristic color. Unoxidized 
metals and metallic sulphides, arsenides, etc., differ in 
this respect very materially from the pure oxides ; hence 
it is necessary before performing the experiment to con- 
vert all such substances into oxides. This is effected by 
calcination, or roasting on charcoal or in an open glass 
tube. The finely-powdered assay is placed on charcoal 
and alternately treated with the oxidizing flame and re- 
ducing flame, and this process is repeated until the sub- 
stance no longer emits, while in the incandescent state, 
the odor of sulphur or arsenic. The heat must never be 
raised so high as to cause fusion, and between every two 
succeeding calcinations the assay should be taken from 
the charcoal and freshly powdered. 



WITH BORAX AND SALT OF PHOSPHORUS. S3 ] 

The experiment with borax is generally made on plat- 
inum wire, where (he color of the bead is more readily 
observed ; charcoal is usecl only in such cases where the 
subslance under examination contains metallic ox 
which are easily reduced to metal which attacks plat- 
inum. It is not sufficient to observe the color of the 
bead after cooling, but all changes of color which lake 
place during the action of the flame, and through all the 
various stages of cooling, should be carefully noticed. 

40. flaming. In many cases when a lrans[>arent bead , 
is inlermitlenlly heated in the flame, or is repeatedly taken 
out of the flame, peculiar effects are obtained. This op- 
eration has received the name of "flaming." Clear beads ] 
frequently become opaque, milk-white, or even colored. 
This depends on the fact that certain compounds which I 
dissolve at a high temperature separate out on being heat- 1 
ed lo a somewhat lower temperature, a])pearing as peculia 
crystals, which are sufficiently well formed in most cases ' 
to be visible under the microscope when the bead has been 
flattened whilst hot, or when it has been dissolved in dilute 
acid so as to isolate the crystals. 

41. Thebehavioroflhe metallic oxides with boraxand salt 
of phosphorus is shown in the following tables. They are 
arranged according to the color yielded by the hoi bead 
when acted on by the oxidizing flame, and the reactions | 
of ihe oxidizing and reducing flames are given in the s 
line, It may be here remarked, salt of phosphorus beads | 

often more beautiful than those of borax, and are occa- 
lUy different in color. 
The behavior of the metallic oxides to these reagents is 
given in the third and fourth columns of the table at 
the end of Chapter !V., where the metals arc arranged ii 
alphabetical order. 
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SS BLOWPIPE AI^ALYSIS. 

EXAMINATION WITH SODIUM CARBONATE. 

42. The examination with soda is usually performed oi 
charcoal in the reducing flame, and as a general rule, the 
flux is added successively in small portions. It js some- 
times better to form the pulverized assay into a paste with 
moistened soda before placing it upon the coal. This is 
particularly necessary when the assay is to be tested for 
its fusibility with soda, since a great many minerals, etc. 
behave very differently with different quantities of the flux. 

43. Instead of sodium carbonate, the neutral potassium 
oxalate or potassium cyanide may be advantageously used 
for all experiments of reduction, since these reagents exer- 
cise a more powerful reducing action than sodium carbo- 
nate. They are for this reason frequently employed when 
the presence of such metallic oxides is suspected whose 
conversion into metals requires high temperatures and the 
aid of a very efficient deoxidizing agent. 

44. In subjecting a body to the treatment of soda, we 
have to direct our attention to two points. 

Some substances unite with soda to fusible compounds, 
others form infusible compounds, and others again are not 
acted upon at all; in the last case the soda is absorbed by 
the charcoal and the assay is left unchanged. With soda 
form fusible compounds with effervescence: 

45. Silicic acid fuses to a transparent glassy bead which, 
after cooling, remains transparent if the soda has not been 
added in too great excess [No. 51]. 

Titanium dioxide fuses to a transparent glassy bead 
which is dark-yellow while hot; on cooling becomes 
opaque and crystalline [No. 6j]. 

Tungsten trioxide and Molybdennm trioxide. after the 
carbon dioxide is driven off, arc absorbed by the char- 
coal [No. 29 and No, 30]. 
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XAMINATION WtTlI SODIUM CARBONATE. 59^ 

'antalum pentoxide, vanadium pentoxide, and niobium.! 
pentoxide also yield fusible compounds and sink into llie 
charcoal. 

Lime, magnesia, alumina, zirconia, thoria, yttria, and I 
glucina, as well as cerium and uranium oxides, are not ] 
attacked; they remain unchanged, whilst the soda sinks 
into the charcoal. 

The salts of barium and strontium form with soda Visi- 
ble compounds which are absorbed by the charcoal [No. 
54 and 55]. 

carbonate is also used for the detection ol 
■, selenium, and tellurium comfouiuh, which give 1 
it a fused mass, yielding a black, brown, or yellow f 
S^in when laid un a piece of silver and moistened with ] 
water. 

Manganese and ehromium, with the soda alone, or bel- J 
ter, with addition of sodium nitrate, yield colored mi 
the former a green mass of manganate and the latter a yel- ] 
low mass of chromate, 

46. The second point to be observed is the elimination I 
of metallic matter. Of the metallic oxides, when ireated 
with soda on charcoal in reducing flame, are reduced: the | 
oxides of the noble metals and the oxides of arsenic, anti- 1 
mony, bismuth, indium, cadmium, copper, cobalt, iron, 
lead, mercury, nickel, tin, zinc, molybdenum, tungsten, 
and tellurium. Of these, arsenic and mercury vaporize I 
so rapidly that frequently not even a coating is left on the 
charcoal. Antimony, bismuth, cadmium, lead, zinc, and ] 
tellurium are partly volatilized and form distinct coatings 
on the charcoal. The non-volatile reduced metals are 
found mixed up with the soda. To separate them from 
adhering soda and charcoal powder, we may proceed' 
following manner 



6o JiLOWPIPE AXALY5I5. 

The; U\M:i\ rii;i.HH nf scxla and metal, ami the pecmoc o-f 
the I harr oal itntiicH lately below and around the afisajr^re 
plarcrl ifi a Kiiiall mortar, rubbed to powder, the povder 
u\\%i:i\ with a littlr watrr and stirred up. The heiTj me- 
tallic partH Irt; ^itUr t(; the l>ottoni, part of the soda dis- 
Hiilvrn, arifl thr f harroal powder remains su^iended in the 
watrr, '1 lir iMpijfl in ( arefully pfjured off and the residue 
trratrfl rrpfMtrHly in the sanie manner until aU foreign 
tiiallrr \^ M^rnovrd. The tnetal remains behind as a dark 
lif-avy powfh r« or whrii the metal is ductile and easily 
Uv\\\i\i\ in ihr ^\n}\ir (i( stiiail flattened scales of metallic 
hv'Axv. ')lirc;r MMiy jir examined with the magnifying- 
^ta-.tt, anil mUo with tluMiia^net. If the substance imder 
exaiiiHMtioM i "hlitin^ ctrveral metallic oxides, the metallic 
UMim ohtditiMJ i? m^umIIv an alloy, in which the several 
MietaJts niJiy l»» Mioffm/ril by processes to be described 
herealtf't; If i^ only iti Honur exceptional cases that sep- 
arair uM\y\\\\i ^lobnlrci arr obtained, for example, in sub- 
stan< rn f ontfiinin^ iion and < opper. 

I'oi a nioM ih iMjIrd m i otnit of the behavior of the va- 
rion^t niHiilli' oi<Mt<:; tmdrr this treatment, see the second 
colinnn ol Ldih-t; I.. »tnd II., pages 189-215. 

A Ii5>l ol ihi »inidi/.rd minerals arranged according to 
their liind»dMy »nid behavior with sodium carbonate may 
be found nnd' t lU a|)piopriate head. 

EXAMINATION WITH SODIUM THIOSULPHATE. 

47. All Ihr nui;d» pre( i])ilated by sulphuretted hydro- 
gen in Ihr wri way, yi<ld the sulphide reaction in the 
tiry way whm thr substance is heated with powdered 
sodium thio»»ulpliat<*. The reagent may be applied to a 
borax bead, in whi( h the substance is already dissolved, 
the bead being then heated in the reducing flame. This 
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* EXAMINATION WITH SODIUM TillOSULrilATE. 6l ' 

method has, however, the disadvantages that easily-volatile 
substances, such as arsenic and mercury compounds, af- 
ford no reaction, and that the color imparted lo the bead 
by the sulphide formed may easily be mistaken. Hen<» ■ 
it is better to heat the powdered substance with the re*! 
agent in a glass tube closed at one end. After the decom» I 
position of the thiosulpliate, which is easily recognized J 
by the odor of sulphuretted hydrogen produced, the color J 
of the fused mass, due to the sulphide formed, is very I 
readily seen. 

In many cases the reaction is accelerated by the addi-^ 
tion of a small quantity of oxalic acid. 

As the Ihiosulphate contains a considerable amount pf 
water of crystallization, the greater part of this should be 
previously expelled, or the glass should he held horizon- 
tally to prevent cracking, and have its mouth stopped with _ 
a litlle cotton-wool on first heating. 

The sul]*ide reactions of the metals are given in the I 
following table, together with the borax reactions. The | 
|Wo methods supplement each other exceedingly well : 
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KdaciIDD with boru on platloum wire 






Oiidiiing flame. 


Beducri.g flame. 


Antimony oxide 


red 


colorlesB 


gray lo colorless 




yellow 
black 
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bluish -green 
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yellow 


bollle-green 
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brown 
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Metallic oxide. 


Reaction 

with 
Na2S203. 


Reaction with borax on platinum wire 
(the bead cold). 


Oxidizing flame. 


Reducing flame. 


Nickel oxide 


black 
(( 

<( 

<( 

brown 
black 
white 


reddish-brown 
reduced with 
colorless 

yellow 
colorless 


gray to colorless 

out dissolving 

gray to colorless 

colorless 
« 

bottle-green 
gray to colorless 


Platinum •* 


Silver " 


Thallium " 


Tin " 


Uranium " 


Zinc *' 





EXAMINATION WITH ACID POTASSIUM SUL- 
PHATE or CONCENTRATED SULPHURIC ACID. 

48. To determine the presence of volatile acids a small 
quantity of the substance is heated with acid potassium 
sulphate or wtth concentrated sulphuric acid (in the lat- 
ter case, however, not to the boiling-point of the acid), 
and the following appearances are looked for: 

I. A colored gas is evolved. 

a. Nitrogen tetroxide fumes, known by their reddish- 
brown color and characteristic odor; evolved from ni- 
trates and nitrites. With nitrates the reaction is pro- 
moted by the addition of metallic copper. 

b.. Chlorine tetroxide ; yellowish-green, odor of chlo- 
rine, bleaching litmus paper, and explosive. The tetrox- 
ide is produced from chlorates by this treatment.* 

c. Iodine, from iodides, is known by its violet vapors, 
which color starched paper blue. lodates * give this re- 
action after the addition of ferrous sulphate. 

d. Bromine ; reddish-brown vapor, with pungent, un- 
pleasant odor, and turning starch-paste yellow; yielded 



* The chlorates, iodates, and bromates detonate when heated on 
charcoal. 



fV/Tll ACID POTASSIUM SULf'HATE. 63 

by bromides and bromates. The color of tlie vapoi 
best seen on looking tiown the lube. 

2. A colorless odorons gas Is evolved. 
49. a. Sulphur lUnxide, from sulphites and polythion- '• 

ates, is easily known by its odor. 

b. Hydrochloric add, from chlorides, known by its ' 
odor and by the cloud of ammonium chloride which is 
formed when a glass rod moistened with ammonia solu- 
tion is held near to the tube. 

c. Hydrofluoric acid, from fluorides, has a very pun- j 
gent odor and strongly corrodes glass. 

d. Sulphuretted hydrogen, from sulphides, blackens pa^ 
per moistened with lead acetate. 

e. Cyanic acid, from cyanates, has a characteristic pun- 
gent odor^ it brings tears into the eyes, and readers . 
lime-water turbid. 

/. Acetic acid, from acetates, is known by its pungent I 
odor, and also by yielding fragrant acetic ether on heal- 
ing with sulphuric acid and alcohol. 

3. A colorless odorless gas is evolved. 
50, a. Carbon dioxide is expelled from the carbonates 

with effervescence ; it renders lime-water turbid. 

/'. Carbon monoxide, which burns with a bluish flame, 
may arise from oxalates, formates, cyanides, ferrocyanides, ' 
ferricyanides. 

c. Chromic acid evolves oxygen, and the liquid turns 
brown or green. 

d. Organic acids, recognized by the blackening due to 
the separation of carbon. 

The acids which cannot be detected by the above meth- 
ods, though easily detected in other ways, are : sulphui 
phosphoric, arsenic, boric, silicic, tungstic, molybdic, and 
titanic. With respect to the three last named, see par. 
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Hon, held wilh the platinum -pointed forceps, and treat- 
ed with the oxidizing flame. Other substances must be 
]jowdered, the powder placed on charcoal," moistened 
with a drop of cobalt solution, and rreated as above. 
The color can only be distinguished after cooling. A 
bluish color of more or less purity, but rather dull, iniii- 
cales the presence of alumina [No, 32J, and a jalered- 
dish color (flesh-colorl that of magnesia [No. 56]. It 
must, however, be borne in inind that the alkahne and 
some other silicates, when heated with cobalt solution 
to a temperature above their fusing point, also assume 
a blue color, owing to the formation of cobalt silicate. 
In testing for alumina, therefore, the heat must not be 
raised so high as to cause fusion of the assay. In testing 
for magnesia this precaution is not necessary ; on the con- 
trary, the color will appear the brighter and the more dis- 
tinct the higher the temjierature to which the assay was 
exposed. The alumina and magnesia reactions are pre- 
vented by the presence of colored metallic oxides, which 
generally produce a gray or black mass, unless present in 
loo minute quantity. 

54 Among the oxides of the heavy metals, those of 
I zinc and tin assimie characteristic colors with solution of 
I cobalt The reaction is best seen when the assay, nione 
' or mixed with soda, is exposed to the reducing flame on 
charcoal. The ring of oxide which is deposited around 
|tiie assay is then moistened with solution uf cobalt and 
treated with the oxidizing flame. Zinc oxide takes a 
fine yet I o wish-green and tin oxide a bluish-green color 
[No. 22 and No. 23]. 

55. Besides the compounds above mentioned, there 
are some others which, when exposed tn the action of 
cobalt solution and heat, experience a change of color. 
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These bodies are either of very rare occurrence, or the 
change produced in them is not sufficient to be of much 
importance: In fact, only a few colorations are of much 
use in the determination of substances — those of alumina, 
magnesia, zinc, and tin. 

The following table gives the more definite colora- 
tions: 
Blue: Alumina; deep color, infusible. 

Silica and silicates; faint color; with much so- 
lution of cobalt, black. Fine splinters fuse 
to a reddish-blue bead. 
Phosphates^ silicates, and borates of the alka- 
lies give a blue glass. 
Violet: Zirconia; dirty-violet. 

Mdgnesiutn arsenate and phosphate fuse and 
become violet-red. 
Flesh-red: Magnesia; pale flesh-red or pink. 

Tantalum pentoxide; hot, light gray; coU^ 
flesh-red. 
Brown : Baryta; hot, reddish-brown or brick-red ; cold^ 

colorless. 

Green: Zinc oxide I ; yellowish-green. 

Titanium dioxide ) 

Tin oxide ; bluish-green. 

Antimony oxide ; dirty-green. 
Gray: Strontia; dark-gray to black. 

Lime; gray. 

Glucina; bluish-gray. 

Niobium pentoxide; brownish-gray. 
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56. This experiment serves a double purpose, 
quaints us with the degree of fusibility of the assay and J 
shows the presence or absence of such subsiantes as [ws- 1 
sess the properly of imparting to tlie flame a peculiar color. 
Many metals, the sulphides and some other compounds, 
act upon metallic platinum at a high temperature; the 
fusibility, etc. of such substances ought to be tested on 
charcoal. Othere, again, fuse so easily that they can- 
not be held a sufficiently long lime between the pincera 1 
to observe the color which they impart to the flame; they J 
are most conveniently attached to the hook of the plat- 
inum wire, which is best done by heating (he wire to \ 
redness and then touching the powder of the assay w 
it; a sufficient quantity generally remains adhering to 1 
the wire. 

Some minerals decrepitate violently as soon as ihey are J 
touched with the flame; in such esses Berzelius advises I 
10 powder the substance very finely in an agate mortar I 
with addition of a little water, to place one or two drops \ 
of the mixture on a piece of charcoal, and to gendy heat 
it by means of the blowpipe flame until the mass lies 
loosely upon the charcoal; it may then be taken up and" 
held by the pincers. The same process is advantageously 
employed with substances which fuse only at a very high 
lemperatnre. In all other cases the substance is roughly 
powdered and a thin piece which shows prominent edges 
selected for the experiment. 

The chlorides usually give the most intense color, as 
in the case of copper, strontium, etc., for which reasflrf 
it is often advisable lo moisten the substance with Ij/dro-J 
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chloric acid, or sometimes with sulphuric, as in the case 
of borates and phosj)hales. 

The substance is exposed to the action of the inner 
cone of the blowpipe flame, or what is much more con- 
venient, the non-luminous flame of a Bunsen burner pro- 
vided with a chimney. The colors are best seen against 
a dark background and when there is not too much light. 

If two or more elements which give color are present a 
mixed color may be produced, or one element may over- 
power the other ; for example, sodium with potassium. 
In this case the indigo prism, colored glasses, or still 
better, the spectroscope, must be made use of. (See 
pages 119, 120, 162.) 

The colored flames given by the elements in a pure 
state may be arranged as follows : 

57. Yellow. Sodium and its salts cause an enlargement 
of the outer flame and impart at the same time an intense 
reddish-yollow color [No. 35]. The presence of other sub- 
stances which also possess the property of coloring the 
flame, but not in so high a degree, does not prevent the 
reaction. Silicates containing sodium exhibit the same 
phenomenon to a smaller or greater extent, according to 
their degree of fusibility and the amount of sodium which 
they contain [No. 59]. With many sodium salts which 
do not exhibit the reaction very distinctly it can be pro- 
duced bv niixini^ the salt with some silver chloride to a 
paste see par. 5 ^ fastening it to the hook of a thin iron 
wire, and then exposing it to the action of the inner 
flame. 

58. Violet. Potassium and most of its salts, with the 
exception of borate and phosphate, impart to the outer 
fl-ime a distinct violet color [No. i'$s\ Also the salts 6f 
rubidium and Cusium and the compounds of indium j but 
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these are rare as compared with the potassium. The pres- 
ence of a sodium salt prevents the potassium reaction, 
in which case the flame is viewed through blue cobalt 
glass or a solution of indigo, Lithium also destroys the 
potassium flame, unless in very minute quantities. Potas- 
dum silicates must be free from sodium and lithium and 
issily fusible, at least on the edges. 

59. Red. Lithium and its salbi impart to the outer flame 
B fine carmine-rtd color [No. 60] ; lithium chloride shows 
fte reaction better than any other salt. The presence of 
< poiassium salt does not prevent the reaction ; the pres- 
ence of even a small quantity of a sodium salt changes the 
color to yellowish-red, and a larger quantity prevents the 
naction entirely. 

Strontium chloride and some other strontium salts, for 
example, the carbonate and the sulphate, color the outer 
flame, immediately or after a while, scarkt-red [No. 54]. 
The presence of considerable barium prevents the reac- 
tion. Strontium carbonate and sulphate show the reac- 
tion remarkably well when mixed with silver chloride 
and heated on iron wire (see par. 5). 

Calcium chloride, calcareous spar, many compact lime- 
stones, and fluorite, color the outer flame, immediately or 
after a vhWe, yellowish-red ; the color is not so intense as 
thai produced by strontium. Gypsum and anhydrite im- 
jwrt at first a pale yellow, afterward a red color of little 
intensity [No. 52]. Fluoriie gives at first a yellowish 
flame, but afierward an intense )ellowish-red. 

60. Green. -Z?fl/-(*(/»; and its salts, especially after moist- 
ening with hydrochloric acid, color the outer flame yel- 
linoish-gicen. Silicates do not show the reaction. The 
presence of lime does not prevent the reaction [No. 55]. 

Copper oxide and some copper salts, as the carbo- 
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nate and nitrate, impart to the outer flame a fine emerald- 
green color; after moistening with hydrochloric acid, 
blue. Compounds of iodine and copper and some sil- 
icates containing copper, as dioptase and chrysocoUa, act 
in the same manner [No. 70]. Thallium and its salts 
color the flame grass-green. 

Phosphoric acid, phosphates, and minerals containing 
phosphoric acid, especially if moistened with sulphuric 
acid, impart to the outer flame a bluish-green color, which 
is only seen for an instant [No. 34]. 

Boric acid colors the outer flame yellowish-green (green- 
finch color); if a small quantity of sodium is present ibe 
color is mixed with yellow. Minerals containing boric 
acid should be pulverized and moistened with sulphu^^ 
acid. 

Molyhdenmn oxides and molybdenite color the ou^ 
flame ycUowish-grccji^ in which the yellow is strong 
than with barium [No. 30]. 

TeUu7'ium dioxide fuses, emits white fumes, and colo 
the outer flame green. 

Calcium gives a ivhitish-green color, intensely bright. 

Ammonium salts often show a dark-green flame, which^s^- 
however, is very weak. 

Nitric acid, bronze-green, quickly disappearing. 

61. Blue. Arsenic, arsenic trioxide, an*d some arsenides, 
for example, smaltite and niccolite [No. 79], when heated 
on charcoal, impart a light-blue color to the outer flame. 
Some arsenates, for example, scorodite and erythrite, ex- 
hibit the same phenomenon in the forceps. 

Antimony, fused on charcoal in reducing flame, is sur- 
rounded by a feeble greenish-blue flame [No. i]. 

Lead, fused on charcoal in reducing flame, is surround- 
ed by an azure-blue flame. Many salts of lead, heated in 
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\ the forceps or on platinum wire, impart an intense azure- 
blue color to the outer flame [No. 3]. 

Copper chloride colors the outer flame intensely azure- 
blue; after a while the color becomes green, owing to the 
formation of copper oxide [No. 47]. 

Copper bromide colors the outer flame greenish-blue; 
after a while the color changes to green. 

Selenium, fused on charcoal in reducing flame, vap- 
orizes with corn-flower-blue flame, with odor of rotten 
horse-radish. 

In.liitm colors both flames indigo-blue. 



CHAPTER III. 

SPECIAL REACTIONS FOR THE DETECTION OP 
CERTAIN SUBSTANCES WHEN IN COMBINA- 
TION WITH OTHERS. 

62. TuE preceding chapter and accompanying tables 
show the changes which many of the simple chemical 
compounds undergo when heated or when treated with 
the usual blowpipe reagents. The reactions are suffi- 
ciently characteristic to distinguish the various com- 
pounds from each other, so that when any one of the 
a])ove-named substances in a pure state is under exam- 
ination, there is no difficulty in determining its nature. 
This, however, is not of frequent occurrence, and in 
the majority of cases the body to be tested will be of 
a more complex nature. The results of the experiments 
will vary accordingly. For instance, a cobalt ore, con- 
taining iron, will not impart to the bead of borax or 
salt of phosphorus in the oxidizing flame a blue color, 
but a green one, resulting from the mixture of the blue 
of cobalt and the yellow of iron ; lead, when accom- 
panied by antimony, deposits a dark-yellow coating on 
charcoal resembling that of bismuth, etc. In such cases 
we may often, by attentively observing all the ])henomena 
which present themselves, and by carefully comparing the 
results obtained by the various experiments, detect many, 
if not all, of the components of the substance under ex- 
amination. Sometimes we attain this end more readily 
72 
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by varying the order, or by introducing auxiliary agents 
into the series of experimenls ; and in other cases again 
it is only to be arrived al by subjecting the assay to treat- 
ments different from those mentioned in the preceding 
pages. 

This chapter contains the principal reactions for the 
detection of substances wliich require ihe application of 
peculiaragents, and the methods for ascertaining the pres- 
ence of certain bodies when in combination with others. 
The substances are arranged alphabetically. 

63, Ammonia. Small quantities of ammonia are best 
detetled by mixing the powdered assay [No. 37] with 
some sodium carbonate or potassium hydrate, introducing 
the mixture into a glass lube sealed at one end, and ap- 
plying heat. The escaping gas is characterized by its 
odor and by its action on reddened litmus paper. White 
clouds are formed if a glass rod moistened with hydro- 
chloric acid is held before the end of the open tube. 
From the appearance of this reaction we are, however, 
not authorized to infer the pre-existence of ammonia in 
the a.saay, since from organic matter containing nitrogen, 
when subjected to this treatment, ammonia is evolved as 
a product of decomposition. 

Antimony, The reactions of antimony and its com- 
pounds, see pars. II, 16, 25, 47, 55, Oi, 153, Table 11., i. 

64, Haamel's method for distinguishing antimony and 
other volatile metals, consists in moistening the metal or 
its oxide coating on coal with hydriodic acid, this reagent 
being made by passing sulphuretted hydrogen through 
water containing iodine until the solution becomes clear. 
On being heated the antimony coaling thus formed is in- 
tense red. the cadmium white, the lead yellowish-green, 
and the bismuth brownish-red. In this way one metal 
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may be detected in the presence of another, the color of 
the iodides formed being so different and so intense. 

Another method for the detection of antimony in pres- 
ence of lead or bismuth may be used. The metallic com- 
jjoiind [No. lo or No. 82] is treated with fused boric acid 
on ( harcoal, the flame being so directed that the glass is 
always kept covered with the blue cone, the metallic glob- 
ule being on the side ; by this means the metals become 
oxidized, lead and bismuth oxides are absorbed by the 
boric acid, and the antimony oxide will form a ring on 
the charcoal, provided the temperature is not raised too 
hJKh. 

65. When combined with metals from which it is not 
easily separated, for example, copper^ the evaporation of 
the antimony takes place so slowly that no distinct coat- 
ing is produced. In this case the assay [No. ^^ is treated 
with salt of phosphorus on charcoal in the oxidizing flame 
until the antimony, or at least part of it, has become ox- 
idized and entered into the flux. The glass is now re- 
moved from the metallic globule and treated on another 
placid of the charcoal with metallic tin in the reducing 
flame ; the presence of antimony will cause the glass to 
turn gray or black on cooling (Table II., i). Bismuth 
behaving under these circumstances in precisely the same 
manner, the presence of this metal makes the reaction not 
decisive for antimony. The wet method has then to be 
resorted to. (See par. 74.) 

66. When the antimony oxides are accompanied by 
metallic oxides which, when reduced on charcoal, fuse 
with the metallic antimony to an alloy, as is the case with 
the tin and copper oxides, the latter cannot be recognized 
by a simple reduction. The oxides have to be treated with 
a mixture of soda and borax on charcoal in the reducing 
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flame. The little meiallic globules are sejmrated from the 
flux and fused with from three to five times their own vol- 
ume of pure lead and some fused boric atid in the re- 
ducing flame, care being taken to play with the flame 
only on the glass. Antimony oxide is volatilized, depos- 
iting the characteristic ring, while the oxides of the other 
metals are absorbed by the boric acid. 

67. The antimony sulphides, when heated in the open 
glass tube, show the reaction mentioned in par. i6. When 
accompanied by lead sulphiiis [No. i8], only a small part 
of the antimony is convertfd into oxide, which sublimes; 
the remainder is changed into a white powder consisting 
of a mixture of antimony tetroxide, lead sulphate, and 
lead antimonate. For the detection of antiroony proceed 
as in par. 74. When a compound containing lead or liis- 
mulk sulphide^ besides antimony sulpliide, is heated on 
charcoal in the reducing flame, a coating is deposited 
consisting of antimony tetroxide mixed with lead or bis* 
muth sulphate, and, nearer to the assay, a yellow one of 
lead or bismuth oxide. In such a case the presence of , 
antimony may be ascertained according li> par. loi. 

68. To detect a small amoimt of antimony sulphide 
in arsenic sulphide. Planner recommends the following 
method: the assay [No. 17] is introduced into : 
tube sealed at one end and gently healed ; the arsenic 
sulphide is volatilized and the greater part of 
mony sulphide remains as a black powder in the lower 
end of the tube ; this end is cut off and the black sub- 
stance taken out and transferred to a tube open at both 
ends. By applying heat the characteristic antimony ri 
tion will appear. 

Arsenic. The reactions of arsenic and its compoimds, 
see pars. 11, 15, ai, 33, 47, 154, Table II., 2. 
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69, All metallic arsenides yield, when heated in tfas 

u|>t;n glass tube, a sublimate of arsenic trioxide (par. 15), 
;inil most of ihem evolve a garlic odor (par. ai) when 
heated on charcoal in the reducing flame [No. 74]. Vogd 
recommends making the substance into a paste with char- 
coal powder and a dilute solution of shellac in alcohol. 
If this is made into small pencils and burnt, the odor is 
given off. Some metals, for example, nickel and cobalt, 
have a great affinity for arsenic, so that when onlya small ■ 
quantity of Ihe latter is present, the characteristic odor 
is not observable; in such cases it is sometimes produced 
when the metallic compound is fused on charcoal "ilh 
9omc pure lead in the oxidizing flame. 

70. The arsenic sulphides, heated in the open glsB 
tube, evolve sulphur dioxide and yield a sublimate of 
arsenic trioxide. To show in a very decisive niatinet 
the presence of arsenic in any of its combinations with 
sulphur, the powdered assay [No, 77] is mixed with sis 
parts of a mixture of equal jiarts of potassium cyanide 
and sodium carbonate, the mass introduced into a tube 
scaled at one end, and heat applied, at first very gently, 
but gradually raised lo redness. A ring of metallic arsenic 
will be deposited in the colder part of the tube. (Fig. 31.) 



Tig. 31, 

71. When arsenic sulphides are heated on charcoal, the 
whole of the arsenic, especially when only small quanti- 
ties are present, may pass off in combination with sul- 
phur; but when such compounds [No. 17] are niixwl 
with from three to four parts of neutral potassium o» 
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alale or potassium cyanide and exjjosed lo Ilio rt-duiiiig 
flame, potassium sulphide is formed and the arsenic es- 
capes with its peculiar odor, if not combined with cobalt 

72. To detect a very small quantity of arsenic trioxidt, 

the following method may be used : a glass tube is closed 
by drawing it out to a point; the assay [No. 48] is intro- 
duced into the point and a charcoal splinter placed just 
. above it; the tube is then heated to redness at the place 
where the charcoal splinter lies, and as soon as this is 
incandescent, heat is also applied to the assay. (Fig. 
j2. ) If any moisture given off from the subs'ance when 




Fig. 32. 

healed condenses upon the lube, it should be removed 
by means of a roll of filter-paper. The arsenic Irioxide 
is volatilized, and its vapors, while passing over the red- 
hot charcoal, become reduced and deposit a black metal- 
lic ring of arsenic in the colder part of the lube. Uy 
cutting the lube below the ring and heaiiuf; this part by 
ihe flame of a gas-lamp, the arsenic is volatilized, thereby 
emitting its characteristic odor. 

73. To show the presence of arsenic in arseniUi and 
arsenales, it will in most cases be sufficient to mix the 



yS BLOWPIPE ANALYSIS, 

substance [No. 48] with sodium carbonate and heat it on 
charcoal in the reducing flame. Sometimes it is necessary 
to treat the assay with a mixture of sodium carbonate and 
potassium cyanide in the manner mentioned (par. 70); and 
in other cases again, where but small quantities of arsenic 
trioxide or arsenic pentoxide are combined with metallic 
oxides which are readily reduced, recourse must be had 
to the humid way. 

Bismuth. I'he reactions of bismuth and its compounds, 
see pars. 12, 17, 22, 26, 47, 155, Table II., 3. 

74. Bismuth is usually detected by its coating. If in 
combination with sulphur and heated alone on charcoal, 
the yellow coating is surrounded by a white coating of 
bismuth sulphate. Heated with sodium carbonate, the 
sulphate is not formed. Bismuth, when alloyed with 
other metals, or when as sulphide in combination with 
other sulphides, is in many cases, and most especially so 
when accompanied by lead or antimony, not to be de- 
tected with certainty by the coating which it deposits on 
charcoal. In such a case the assay [No. 11]" is treated 
on charcoal until a copious yellow coating is formed. 
The coating is carefully scraped off from the charcoal 
and dissolved in salt of phosphorus on platinum wire with 
the oxidizing flame. The colorless bead is removed from 
the wire, placed on charcoal, a little metallic tin added, 
and the whole exposed to the reducing flame. If bismuth 
was present, the glass assumes, on cooling, a dark-gray or 
black color. The antimony oxide showing the same be- 
havior, the assay, if not quite free from antimony, has to 
be treated on charcoal in the oxidizing flame until the 
whole of it has been volatilized, and the remaining mass 
treated on another piece of charcoal as above men- 
tioned. 
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According to Von Kobell, any compound of bismuth 
treated before llie blowpijie with a mixture of equal parts 
of potassium iodidi; and sulphur on a large coal, gives a 
beautiful and very characlerislic red coating, at quite a 
distance from ihe assay. In case of sulphide the sulphur 
is not necessary. If lead is present a deep-yellow coaling 
is formed, which, however, does not interfere with the 
bismuth lying nearer the assay. 

Cornwall* suggests liie following method to detect bis- 
muth in presence of lead aiid antimony : lo the mixture 
of the three oxides an equal volume of sulphur is added, 
and the whole treated before the blow|jipe in a deep cav- 
ity on coal with the blue flame for a short time. The re- 
sulting fused sulphides are removed to a flat coal and 
treated alternately with the oxidizing flame and reducing 
flame until antimony fumes have nearly ceased and an 
impure blue-lead flame appears. The residue is pow- 
dered and an equal part of a mixuire of one part of 
potassium iodide and five of sulphur, by weight, added. 
This is then heated in an open tube, 10 to \z cm. long 1 
and not less than 10 mm. wide, over a Bunsen gas-burner ' 
or spirit-lamp. A distinct red bismuth iodide sublimate 
is formed, about 10 mm. above the yellow sublimate of 
lead iodide. 

Care must Ik taken not to confound with the bismuth ] 
sublimate, asublimate of iodine, which may condense on 
the upper part of the tube, but at a greater distance from ' 
the assa>'. 

75. Boric Acid. With many borates, which do not 
impart Itj the outer dame the peculiar yellowish-green 
color (]iar. 60), this reaction may be produced by 1 
ducing the substance [No. 33] to powder, adding a drop 

• "American Cheniisl," Matth, 1S72, 
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of concentrated sulphuric acid, fastening the mixture into ' 
the hook of the platinum wire, and playing on it with the 
biue cone of the flame (see par. 60). 

76. Another way, and by which even a very small 
<iuantity of boric acid in salts and minerals may be 
detected, is: to reduce the substance to a very fine pow- 
der, to mix it with from three to four parts of a mixture 
of four parts of acid potassium sulphate and one pst 
of fluorite, perfectly free from boric acid, and to knead 
[he whole with a little water into a thick paste. Tlifs 
mass is then fastened to a platinum wire and exposed lo 
the blue cone of the flame. While the mass enters inW 
fusion boron fluoride is formed, which, on escaping, col- 
ors the flame intensely yellowish-green. The reaction ap- 
pearing sometimes only for a few seconds, and the colora- 
tion being only momentary, the flame should be very 
carefully observed. 

The method proposed by lies is extremely reliahU' 
The substance, finely powdered, is placed on platinu'" 
foil, moistened with sulphuric acid, the excess of aciQ 
volatilized by heat, and the powder then made into ^ 
paste with glycerine. If this is taken up by a platinul" 
wire and placed in the flame, the latter is colored yello*- 
ish-green. 

77. If borates of the alkalies or alkaline earths are dis- 
solved in dilute hydrochloric acid, and one end of a piece 
of turmeric paper dipped into the solution, after drying at 
100° C, this end of the pajier will hecome irr>w/iisA-reil' 
Hydrochloric acid alone, if too strong, will produce a 
dark-brown on turmeric paper. The reddish color of the 
paper, if moistened with an alkali, is changed to black. 

78. Bromine. Bromides treated with salt of phosphorus 
opper oxide on platinum wire, or treated with cop- 
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per sulphate on silver foil, show the same reaction as 
chlorides (par. S3), with this difference, that the blue 
color of the outer flame is rather greenish, especially on 
the edges [No. 39]. When the bromine is all driven off, 
the green flame of the copper alone remains. 

79, To discriminate bromides from chlorides more dis- 
tinctly, the bromide is fused with acid potassium sulphate, 
both in the anhydrous state, in a small matrass with long 
neck. Sulphur dioxide is evolved and the matrass is filled 
with yellow vapors of bromine, characterized by their pe- 
culiar odor. The color of the gas is only clearly seen 
by daylight. Silver bromide may be distinguished from 
silver chloride by the asparagus -green color which it as- 
sumes when exposed to the sunlight after fusion with acid 
potassium sulphate. 

80, Goldschmidt, for the detection of a bromine com- 
pound alone, or in presence of iodine and chlorine, gives 
the following method : If a bromine compound is fused 
in an open glass tube with pulverized bismuth sulphide, 
made by fusing metallic bismuth with sulphur, a yellow 
sublimate is formed. An iodine compound treated in 
the same manner forms a red sublimate, and a chlorine 
compound a white one. With a little care these elements 
can be readily recognized in presence of one another. 

The presence of iodine, on account of its violet vapors, 
often renders the bromine reaction somewhat uncertain. 

Cadmimn, The reactions of cadmium and its com- 
jiounds, see pars. 12, 35, 47, 159, and Table 11.. 4. 

8L To detect a very small quantity of cadmium, i per I 
cent, or less, in zinc or its ores, the pnlveriied assay i 
mixed with soda and exposed for a short time to the re 
ducing flame on charcoal. A distinct coating of brown 
cadmium oxide is deposited. The zinc, being less vol- 
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Btili;, forins a coaling only with continnnl Mowing [X«u 
.6J. 

82. Ohlorlne. Some copper oxide is dissoh-ed \tj'\ 
tncanii of the oxidizing Hame in a bead of sodium phos- i 
|i1iute on platinum wire until the glass is ncarljr opoqo^ 
lOITie gmin* ol' the pulverized assay [No. 41] are thea | 
tnnde to adhere to the bead, and both heated with the 
lip of the blue cone of the flame. If chlorine is present 
Ihc flonic now assumes an intense azure-blue color, owing 
to the ronnution of copper chloride (par. 61). This 
IMI I* very delicate and will show the presence of 3 verj 
miniitu quantity of chlorine. Bromine produces a 9^' 
liar but Homewhat greenish (par. 78} flame (pars. 10, 4"^- 

Wlien A ciiloriilc is heated with dry potassium chi^* 
mule and concentrated sidphuric acid, dark, brownish-*^^ 
VHlinri of chloro-chromic acid are evolved, which c^*' 
ilnnKC to dr<)|M* of the same color. With ammonium t^ 
dralo tlili llijiiid becomes yellow. 

83. Another method is to place on silver-foil some ^^^a, 
rmw tfiilplmte or nomc copper sulphate, lo moisten it wi , 
H drop of wfller, and then to add the assay [No. 4',.-^^^ 
Aflor n while the silver will be found blackened. Sut^^^ 
htaticeH which arc insoluble in water have previously l^ ^ 
1)e fhxed with a little soda on platinum wire, 10 form t 
ttolublc rhinride. 

84. Ohronilum. Clhromium oxide gives very charac-- 
tcrihiic rcaftions with the fluxes on platinum wire (see 
Table II., 6), but when accompanied by a large quantity 
of iron, copper, or other substances which also intcnsd]|j^ 
colijr the bonix and salt of phosphorus beads, the chr 
mium color frequently becomes very indistinct. 

85. In such a case, and when the chromium is 
combination with silica, its presence may be detected il 
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the following manner: the assay-piece [No. 68] is re- I 
duced to a fine powder and mixed with about twice its 
own volume of a mixture of equal parts of soda and 
nitre. The m'ass is fasten?flTito the hook of a thick 
platinum wire, or placed into a small platinum spoon, I 
and treated with a powerful oxidizing flame. An alka- 
line chroraate is formed which is dissolved in water,. the 
solution supersaturated with acetic acid, boiled, and a 
crystal of lead acetate added. If chromium was pres- 
ent, a yellow precipitate of lead chromate will appear. 
The precipitate may be collected on a filter and tested in 
the borax and salt of phosphorus beads, when the charac- 
teristic chromium-reactions will be prodiiced. If instead i 
of lead acetate, silver nitrate is added, a dark, purplish- 
red precipitate of silver chromate is formed. 

Silicates which contain only a little chromium, but 
much iron or other coloring oxides of metals, are not 
decomposed by nitre. In this case a pulverized mineral j 
is fiised on coal in the oxidizing fiame with one part of '. 
sodium carbonate and one-half to three-fourths parts of 
hora.'t to a clear bead ; this is pulverized and evaporated 
to dryness with hydrochloric acid. The chlorides thus '■ 

formed are dissolved in water, the silica filtered off, the 
iron is oxidized by boiling with a few drops of nitric 
acid, and the bases, sesquioxides of chromium, iron, ^^^| 
etc., precipitated by ammonia from the acid solution. ^^^| 
The precipitate is collected on a filter, washed, and ~^^H 
fused with soda and nilre as above. By this means al- ] 

kaline chromates are formed, which can be decomposed 
by acetic acid and lead acetate, as already described. ,1 

EThe reactions of cobalt, see Table H., 7. ^^HJ 

detect cobalt when in combination with other^^^| 
: pars. 47, 99, c, 164. ^^H 
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To s1k>w its presence in arseniJeSj the assay [No. 75] is 
pl.ueil on clianwil .md heated until fumes of arsenic tri- 
o\ivle are no loniier emined. vLe^d ^nd bismuth, if pres- 
eiM. I'orm the ch.iracieristie coalings. ^ Borax is now add- 
ed .i!ul I he l^.eai continiievi until the glass appears colored, 
li' ib.e eoiv^r is nv^: p::re l\".e. the presence of iron is indi- 
v-.i:j\:. The i:!.vss is i:i :h:s cose removed from the glob- 
i".!o. .i:vj. :^e !.i::cr rrciicv: rej>eaiedly with fresh quantities 
o:" :v:.i\ ■.:'.^:-.'. ir.c v.: re cj:vil:-coIor is obtained. Nickel 
.ir.xi cower. : vriSi":, v:o ::o: enter into the flux before 
:;u- ^^':'c*.c o:' :':'.e co*:v.!: is cxiclized. If we wish to ascer- 
: .: . ". : • c v r esc : * cc v" :" : !'. ^ se n: e la*. s, : he iliss wh ich is col- 
vv.\*. l^\ c.*:v.*.: s rc:v.\cv: :ro:r. :he ii'.obule. and the latter 
::;-..:cv-. w .:h rVcsh ycr: cvs o:* *:vrjx :r. uie oxidizing flatne 
■. •*: * -.".• cc".^: c:' :":*.c Iv.i.i ':xvc:r.e< brow::, indicative of 
: ^ . N i- ■ r " c j: '.*. sii ■ s .*. ^ .: ■ * : c ;:*. ." v c: ju: i : he globule treated 
V. :"' >.: : /: ■. '.>:''.'.> " :"i' ex ,: .'Ti: f-in:e: when cop- 

■ ■ ■ » • • • ^^ 

. "w . > . i^i . . i -V. s> i> ,v j.ri;e.- v.vt.o». w...\_ii iC" 

> *.*' •> ^ .rx..-— ;".. »»..»1 -*>* 0-. Ci*-** 

• • ■ «i '\ ' ■ 

>' ,:.,;: * . *■ / .-. :he jssay [No. 76] 

. ..: . ^ .-:.■.•.■.< .•-: --■.;'- ,- -■". — ,^ rsrrjinizg mass 

--■- ..■..-.■ ,■ ■• , .. : '. -. .-.*,: :".e c-ilcir.ed rcJ=s 

- . ■...■■.;■ .' -::e. • : '-f j.\i.'i:j:rg f..ir:e. 

- '- : :. ;- ^: "::.-.! yr^ser:. ±e beani 

^ :.::•:". :::;.■" .:-.-.-..• :■: r.-rr: or iroa 

^ « . ■ ; ^ ..-'i ■ ■: * ^■■.': ' \ * r " .T. ;i:c «cie whes 

.' ■. .1: 17 :. ■ .>. '■*•;• .-:<<::*: :: s:c:w exter::. 

.": ::::■: .-':_:-... :.- :e ,: : <: -;:-■ jeer:. The 

:e--.^ - ::* - ...-c :■. .i.»<'; :; *. -;•• .; -^ rfunie "3:::- 

t: axrce-in- :r-i:*- .i.-^ :: .l*-.: "'; v >■ :. ,:. . :.'i; oxides of 



^F SPECIAL REACTIONS. 85 \ 

copper and nickel are by this means reduced, and the 
pure color of cobalt, or that of cobalt mixed with iron, 
becomes apparent. The separation of the metals may be , 
promoted by adding a little pure lead, and the substance 
freed from an excess by treating it alone on coal, after 
which il is fused in the oxidizing fiame with salt of 
phosphorus to detect nickel and copper. 

Copper, The reactions of copper and its compounds, 
see pars. 47, 60, 6r, 172, and Table 11., 8. ' 

88. The red color which copper imparts to the borax J 
or sah of phosphonis bead, when heated on charcoal in ] 
the reducing flame in contact with tin (see Table II., S), , 
is very characteristic, and will in most cases clearly show 
the presence of this metal; but if only a small quantity 
of copper is associated with other metak, the reaction 
is not easily obtained ; in this case we may proceed i 
follows : 

The assay [No. 18, or No. 83, or No. 82] is placed od J 
charcoal and played upon with the oxidizing flame until < 
antimony and other volatile metals are driven off. Some ■j 
vitrified boric acid is fused on charcoal to a glassy glob- 
ule, the assay placed close to it, and the whole covered m 
a large reducing flame. When the metallic globule begins 
to assume a bright metallic surface, the flame is graiiually 
converted into a sharply -pointed blue cone, which is marie 
to act only on the glass, leaving the metallic globule u 
touched, and so situated that it touches the glass on one ' 
side, and on the other side is in close contact with the 
charcoal. During this process lead, iron, cobalt, part 
of the nickel, and such of the more volatile metals as 
were not entirely removed by the previous calcination, 
xs bismuth, antimony, zinc, etc., become oxidized, ; 
their oxides partly volatilized and partly absorbed bjrJ 
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the boric acid. The remaining metallic globule is then 
removed from the flux and treated on charcoal with salt 
of phosphorus in the oxidizing flame, when the copper 
is oxidized and dissolved. The limpid bead is then re- 
fused in the reducing flame with addition of tin. A trace 
of copper may thus be made to produce distinctly the cha- 
racteristic reaction, rendering the cold bead distinctly red 
and wholly or partially opaque. 

89. To show the presence of copper in compounds 
which contain much tiickei, cobalt, iron, and arsef^^^^ 
the assay [No. 79] is first treated with borax on charc^* 
in the reducing flame, when the greater part of iron ^ * 
cobalt are dissolved. The remaining globule is then mi?^^^ 
with some pure lead and treated as shown in par. 88. 
sonic is for the most part driven off*, and the rest of t 
iron and cobalt, with some nickel, absorbed by the bor' 
acid. The globule is removed from the glass and treate 
with salt of phosphorus in the oxidizing flame; dark-gree 
while hot, and somewhat lighter green when cold (pro^ 
(luced by the mixture of the yellow of nickel and the blue '^ 
of ( opper), indicates the presence of copper. 

To detect copper when in combination with tin, see 
par. 124. 

90. 'I o detect co])])er in sulphides, the pulverized assay 
[No. 73] is calcined and the calcined mass treated as 
above, or, when the amount of copper is not very small, 
simply treated with borax or salt of phosphorus on char- 
coal in the oxidizing flame, and subsequently with addi- 
tion of tin in the reducing flame. The presence of cop- 
per is then shown by the red color and the opaqueness of 
the glass on cooling. This reaction is only prevented, or 
at least made indistinct, by antimony or bismuth, which 
cause the glass to turn gray or black. In this case the 
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assay is, afler calcination, mixed with soda, borax, anrl 
some pure lead, and the mixture fused on charcoal in the 
reducing flame. The metallic globule is then heated on 
charcoal to drive off the antimony, and afterwards treated 
with boric acid as above. 

91, When a mineral which contains copper is heated 
in the blue cone, the outer cone of the flame frequently 
assumes a green, or, if the metal is in combination with 
chlorine, an azure-blue, color. This reaction, if not pro- 
duced by heating the substance alone, may sometimes be 
obtained by adding a drop of concentrated hydrochloric 
acid to the pulverized assay [No, 70], evaporating to dry- 
ness, mixing the dry powder with a little water to a stiff 
paste, fastening this into the hook of a platinum wire, and 
then exposing it to the blue cone of the flame. 

92, Fluorine. To detect fluorine in those _ minerals 
where it occurs only as an accessory element in combi- 
nation with weak bases, and which at the same time con- 
tain water, as in No. 57, a small piece is placed in a glass 
tube sealed at one end, a wet Brazil-wooil paper intro- 
duced into the open end, and heat applied. Hydro- 
fluoric acid is evolved, which turns the red color of the 
test-paper to straw-yellow and corrodes the glajw. Mica, 
containing not more than ^ per cent, of fluorine, shows 
the reaction very distinctly. 

If the mixture is heated from above downward, it is 
not so likely to be thrown out from the tube. The etch- , 
ing of the tube is best seen after the tube is cleaned and 
dried. 

93, Another process, and by which the presence of flu- 
orine in all kinds of compounds may be shown, is to mix 
the pulverized assay with some salt of phosphorus which 
has previously been fused on charcoal and then reduced 
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to powder ; to place the mixture on platinum-foil, which 

is connected with an open glass tube in such a manner as 

I lo constitute a kind of tubular coniinuaiion to the former, 

j and lo heal with the blowpipe flame tintll the mass enters 

into fusion. If the flame is so directed that the products 

I of decomposition are made to pass through the glass tube, 

I and a moistened Brazil-wood paper is iulroduced into ihe 

I other end, the presence of hydrofiiioric acid is indicated 

by the change of color which the latter experiences, and 

often by its pungent odor. In some cases the glass will 

also be dulled or a deposit of silica be formed. This 

test is very delicate. 

94. Gold. CSee pars. 30, 47, 170, and Table II., 10.) 
When gold is in combination with melais which are 

' volatile at a high temperature — ex. gr. tellurium, mer- 
cury, antimony — it is ouly necessary to heat the alloy on 

I charcoal with the oxidizing fiame, when the gold remains 

I behind in a pure slate, and may be recognized by its phys- 
ical properties. Lead is removed by the process of cupel- 

[ lation, as explained in par. 117. 

95. When associated with copper, Ihe presence of which 
is easily detected by salt of phosphorus on charcoal, the 

I alloy — for example, gold coin — is dissolved in pure melted 
lead and the new compound subjected to the process of 
I cupellation on bone-ash. Copper is by this means en- 
I tirely removed. To test the remaining globule for silver, 
I it is treated with salt of phosphorus on charcoal in the 
\ oxidizing flame ; ihe silver is gradually oxidized and dis- 
I solved by the glass, which when cold assumes an opal-like 
' appearance. To determine approximately the relative pro- 
portions of the two metals, the metallic globule is taken 
from the cupel, placed in a small porcelain dish contain- 
ing some nitric acid, and heat applied. If the alloy con- 
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taiDs 25 per cenl. of gold or less, it (urns black, the silver.4 
is gradually dissolved, and the gold remains behind as s 1 
brown or black spongy or pulverulent mass. If the alloy 1 
contains more than 15 per cent, of gold, the globule turns I 
also Llatk, but the silver is not dissolved. If both metals I 
are present in about equal proportions, the globule remains I 
unaltered. If the amount of gold is considerable, it is in- 1 
dicated by the color of the alloy. I 

Id both of the latter cases it must be fused on coal with I 
boras and at least twice its weight of silver, free from gold, | 
and then treated with nitric acid, when the separation will j 
be complete. To form a gold button, it must be well wash- 1 
€tl with distilled waier and fused on coal with borax, and j 
it will then have the pure gold color and bright surface, j 

96. When associated with metals which alone are in- j 
fusible before the blowpipe — as ex. gr. platinum, iridium, I 
palladium — the metallic globule obtained by nipeilation ] 
shows much less fusibility than pure gold. The exact na- 
ture of the foreign metals cannot be ascertained before 
the blowpipe; the humid way must be resorted to. 

97. Iodine. Iodides, tested with a .salt of v>hosphoi 
bead which is saturated with copper oxide, as shown 
par. 82, impart to the outer flame a fine green color [No. 
40]. 

Fused with acid potassium sulphate in a glass lube 
closed at one end, violet vapors are evolved, iodine sub- 
limes, and sulphur dioxide is given off. 

Iodides mixed with about one-third of their weight of 
copper sulphate and heated in a glass tube are decom- 
posed, as shown by the violet vapors, which color paper, 
moistened with starch, blue. 

98. Iodine, in combination with silver or with alkalies, ' 
caa be ttttfe£ted in the pieuence of other halogens by wis^ 
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ing the powdered substance with bismuth sulphide (pre- 
pared by heating bismuth and sulphur together) and heat- 
ing on charcoal before the blowpipe flame. A red coating 
of bismuth iodide is formed if iodine is present. 

Iron. The reactions of the oxides of iron, see Table 
II., 13. Also pars. 12, 47, i6z. 

99. a. To distinguish protoxide from peroxide, the sub- 
stance is added to a borax bead containing copper. With 
peroxide the bead is colored biuish-green, whilst with 
protoxide red lines or flakes of cuprous oxide appear. 

h. To delect iron along with easily-fusible metals, such 
as lead, bismuth, antimony, tin, or zinc, the substance 
is heated on charcoal with borax in the reducing flame. 
The easily-reducible metals do not become oxidized, and 
consequently are not absorbed by the glass. The glass 
is separated from the metallic bead, and is heated on a 
fresh piece of charcoal in the reducing flame, when it 
acquires the characteristic bottle-green color produced 
by iron, and becomes vitriot-green on addition of tin. 

e. In presence of cobalt the bead is not green, but blue 
in color. In such case iron is sought for by heating the 
blue glass on platinum wire in the oxidizing flame suffi- 
ciently long to convert all the iron into peroxide. With 
very little iron present, the bead is green when hot, and 
blue when cold; with more iron, the bead is dark-green 
when hot, and pure green when cold, this latter resulting 
from a mixture of the yellow iron and blue cobalt colore. 
The residual metal on the charcoal after the treatment 
with borax (often only nickel and copper) is examined 
according to par. 88. 

(/. An admixture of manganese colors the bead in the 
oxidizing flame blood-red. By reduction with tin on 
charcoal the bead becomes vitriol-green. If cobalt be 
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present along with manganese, a liark-violet bead is pro- i 
diiced in the oxidizing flame, which in the reducing flame I 
becomes green when hot and blue on cooling. 

c. To test for iron in niekclifermu sul^stances, the assay is 
dissolved in borax in the oxidizing flame and then heated 
on charcoal in the reducing flame. Melallic nickel sep- 
arates out, and the iron, remaining dissolved in the glass, 

/. A substance containing iron and copper gives a green 
borax Ijead in the oxidizing flame both before and after 
cooling J from this bead copper separates on charcoal 
under the reducing flame, and the glass becomes green 
from iron. If the amount of copper present be small, 
the assay is fused together with borax, sodium carbonate, 
and assay-lead, the metallic bead obtained heated with 
boric acid in the oxidizing flame, and the copi>er sought 
for by the aid of salt of phosphorus and tin. 

g. If r>o»and chromium occur together, the color of the 
glass affords no indication of the presence of iron. The 
substance is fused with sodium carbonate on charcoal in 
the reducing flame, the reduced iron is separated from 
the slag by washing, and the latter is fused with potas- 
sium nitrate for the detection of chromium. 

h. Iron and uramiim exides cannot be distinguished from 
one another in the dry way. To separate them, the as- 
say is fused with acid potassium sulphate, extracted with 
water, and ihe soiulion treated with ammonium carbonate 
to precipitate the iron ; the filtrate is acidified, boiled to 
expel carbon dioxide, and the yellow uranium precipi- 
tated by ammonia. Both products are then further ex- 
amined, 

i. A substance containing iron, nickel, cobalt, manga- 
fuse, and a^er is fused with metallic arsenic or with ■ 
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potassium arsenate, and tlie mass is treated with borax ir, 
successive portions in the oxidizing fiJme. 

There resiUts^ — ^^ 

First, a yellowish-green color from iron. ^^H 

Then a b hie cobalt. ^^^ 

a brown nickel. ^^H 

" a green " " copper. 

Under the reducing flame nickel and copper can be 
separated from the borax glass, whilst iron, cobalt, and 
manganese remain dissolved, and are looked for accord- 
ing to par. ()i), d. 

Lead. The reactions of lead and its compounds, see 
pars. II, 27, 61, 158, and Table II., 15. 

I and zinc [No. 12] deposits a 
mixed with zinc oxide ; the 
wn by the color of the coating 
inge which it imparts to the re- 
27"). Test the zinc coating with 



100. An alloy of lead 
coating of lead oxide 
presence of lead is sho 
and by the aziire-blue I 

ting flame (se 



cobalt solution, which turns it yellowish-green when 
heated. 

An alloy of lead and bismuth [No. 11] deposits a coat- 
ing somewhat darker than that of pure lead, in which the 
presenre of bismuth may be detected as shown in par. 74, 
and the presence of lead by the azure-blue color of the 
reducing flame. 

101. 'I'o detect lead in sulphides, the substance is placed 
on charcoal and treated with the reducing flame; the lead 



Ik mixed 



is detected by its 
cannot by this me 
lead sulphate siir 
striking resembiar 
oxide. In this c 



tlure of antimony 

since the ring oJ 

lunding that of the oxide bears a 

; to the coating formed by antimony 

the pulverized assay [No. J 



mixed with a sufficient quantity of soda and treated for 
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a short time with the reducing flame. If no antimony is 
present a pure yellow coating with bluish-white edges is 
formed ; but in presence of antimony this coating is sur- 
rounded by another white one of antimony oxide. The 
lead oxide coating appears, moreover, darker than usual, 
resembling that of bismuth, owing probably to the for- 
mation of lead antimonate. A very small quantity of 
antimony by this method cannot be found out with cer- 
tainty, since, by keeping up the' blast for some time, the 
sodium sulphide begins to vaporize and to coat the char- 
coal with a ring of sodium sulphate (see par, 38). 

102. When lead sulphide is associated with a consider- 
able quantity of copper sulphide [No. 18], the metallic 
globule obtained by the process of reduction does not 
betray, by its physical properties, the presence of lead. 
But if the alloy is removed from the flux and played upon 
with a powerful oxidizing flame, the greater part of the 
lead will be volatilized and deposit a coating. 

Lead chloride before the blowpipe first fuses and then 
gives two coats — one of the chloride, white and volatile, 
and another of the oxide, less volatile. It also imparts a 
blue color to the reducing flame. 

Lead phosphate alone on coal fuses to a globule, and af- . 
fords no coat or a very slight one. Crystallizes on cooling. 

103, Lithium. To detect lithium in silicates which con- 
tain only little of it, proceed as follows: The substance 
[No. 64] is reduced to a fine powder and mixed with 
about two parts of a mixture of one part of fluorite with 
one and a half parts of acid potassium sulphate; a few 
drops of water are added and the whole kneaded into a 

- paste. The mass is fused with the blue cone of the flame 
into the hook of a platinum wire. If lithia is present the 
outer flame will appear red. If only a small amount is 
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present [he color is not very intense, and verges into 
violet. The presence of potassium does not prevent the 
reaction, but makes the flatne appear still more violet; 
sodium makes the reaction uncertain. 

If boric acid be present in the silicate, as in tourma- 
line, the outer flame at first exhibiis a green tinge, but 
afterward a wine or less intense red from the liihia. 

In presence of phosphoric acid— as in case of Iryphyl- 
ite, for example — it causes a green flame, perceptible 
along with the red one, especially after moistening with 
sulphuric acid. 

Another method of detecting lithium when mixed with 
sodium is to dip the assay, moistened with hydrochloric 
nelted wax, and then heat it in the blue flame, 
by which the red color is produced immediately. 

Hanganese. The reactions of manganese, see Table 
11., 16. Also pars. 47, 181. 

104 If a bead roiitaining manganese, just taken from 
the oxidizing flame, be brought into contact wiih a crys- 
tal of potassium nitrate or chlorate, or be thrown into a 
porcelain ca]isule containing the |xiwdcred reagent, avio- 
:t frothy mass of potassium permanganate is formed. 
The presence of manganese in any compound substance 
is readily detected by mixing the pulverized assay fNo. 63 
I. 81] with about two parts of soda and one of nitre, 
% fosing it by means of the oxidizing flame on platinum 
m manganaie is formed, which, while hot, 
) and transparent, and on cooling turns blutsh- 
I and opaque. The slightest trace may be detected 
s way. Chromium does not prevent the reaction, 
y changing the color to yel lowish -green . It is tady 
;ncc of silica and cobalt that this lest is not arul- 
c at a high temperature the silica unites with the 
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soda to form sodium silicate, which, in dissolving the 
cobalt oxide, produces a blue glass, and thus interferes 
with the manganese color. In this case the silica must 
first be separated in the wet way. 

Metallic compounds containing manganese should be 
dissolved in nitric acid, the solution evaporated to dry- 
ness, and the ignited residue tested with sodium carbonate 
and potassium nitrate, as above. 

Mercury. The reactions of mercury and its compounds, 
see pars. 10, 11, 18, 47, ig6, and Table 11., 17. 

105. Mercury is detected in amalgams [No. 9] by the 
sublimate of metallic mercury which they yield when 
heated in a glass tube closed at one end. The globules 
if small are best seen with a small magnifying-glass. 

When in combination with sulphur [No. 78], chlorine 
[No. 49], iodine, or oxygen-acids, the substance is pre- 
viously mixed with some anhydrous soda or some neutral 
potassium oxalate. The acids, etc. are retained by the 
soda, and mercury sublimes. 

If the quantity of mercury is so small that the nature 
of the sublimate cannot with certainty be ascertained, the 
experiment has to be repeated, a piece of iron wire around 
which a gold-leaf has been wrapped being at the same time 
introduced into the tube and held close above the assay. 
The gold-leaf will turn white, even when the amount of 
mercury present is very small. 

Molybdennm. For the reactions of molybdenum and 
its compounds, see pars. 38, 51, 60, and Table II., iS. 

106. Small quantities of molybdic acid may be detected 
by adding a little of the powdered substance to some strong 
sulphuric acid on a piece of platinum bent up at the sides. 
After heating till evaporation begins and then cooling, the 
foil is repeatedly breathed upon. Where only blue spots 
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occur on cooling, if breathed upon an intense blue rolot 
is produced. Or if a lillle alcohol be added to the blue 
spots instead of breathing npon thein, and then burnt off, 
the color is produced ^see par. 1 74). " 

Nickel. The reactions of nickel, see Table 11., 19. 

107. Fusible metallic compounds of nickel are treated 
with borax on charcoal in the reducing flame; iron, co- 
balt, etc. enter into the flux and may be detected as 
shown in par. 86, while the metals the oxides of which 
are easily reduced remain behind. This operation is re- 
peated until the glass appears no longer colored. The 
remaining globule is treated with salt of phosphorus in 
the oxidizing flame. We now obtain either the pure 
color of nickel or that of nickel mixed with copper, 
yellowish-green ^see par. 8gl ; in this case it is treated 
on charcoal with tin, whereby the presence of copper 
may be ascertained, the bead becoming opaque and red. 
Bismuth or antimony prevents the reaction for cop|)er, the 
bead turning biack instead of red. Such compounds must, 
previous to their treatment with fluxes, be heated on char- 
coal in the reducing flame until all volatile substances are 
driven off [No. 79]. 

In arsenides and sulphides, nickel is detected by the 
methods given for cobalt under the same circumstances 
(see par. 87). 

Small quantities of nickel in the presence of cobalt 
may be detected by treating a small quantity of the sub- 
stance with borax on platinum wire; a dark-colored bead 
is formed, which is placed on charcoal with a small gold 
bead and fused in the reducing flame. When cold, the 
gold bead is separated from the slag by a slight blow with 
a hammer, and is fused with salt of phosphorus in the 
"^idtzing flame. The glass lakes up the easily-soluble 
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'^'^ball oxide, becoming blue; and fresh quaniities niiisl 
^ added iimil the color changes to green, and finally be- 
'^cmes yellow. The gold may afterward be retined by 
Cupelling with lead on bone-ash ("see par. 163). 

108. Nitric acid. The perfectly dry snbstance [No, 43] 
's heated in a matrass with some acid potassium sulphate ; 
Orange-yellow vapors of nitrogen teiroxide are emitted, 
even if but a small quantity of a nitrate is present. Ur 
if chlorine is present the substance should be heated with 
litharge free from lead peroxide, which at first absorbs 
the nitric acid, but yields it up at a higher temperature, 
A piece of paper moistened with a solution of ferrous 
sulphate, free from peroxide and acidtdaied with sul- 
phuric acid, is inserted into the neck of the tube, which 
should be rather long, and nitrogen tetroxide if present 
■will color the paper yellowish to brown (see par. 60). 

109. Phosphoric acid. A very minute quantity of phos- 
phoric acid may be detected by pulverizing the substance 
fNo. 65], adding a drop of concentrated sulphuric acid. 
fastening the paste into the hoolt of a platinum wire, and 
playing upon it with the blue cone of the flame; the outer 
flame will assume a bluish-green color (sec par. 60). 

Certain nitrogen compounds, as nitric acid, ammonium 
nitrate, ammonium chloride, etc., when fastened into the 
hook of a platinum wire and touched with the lonc of the 
blue flame, imparl to the outer flame a bkiisli-green color 
resembling that caused by phosphoric acid {see |>ar, 60). 

110. For very small quantities of phosphoric acid Bun- 
sen has proposed a test which consists in mixing the sub- 
stance with two or three times as much soda, and placing 
the completely dried mixture in the drawn-out pari of a 
small tube, similar to those used in testing for arsenic. 
The mixture is again heated to remove all moisture, a 
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long bit of sodium, or, better, magnesium wire, inserted |:r 
into it, and fused with the blowpipe. When cold, the liro 
portion of the tube containing the fused mass is broken je^ 
off, placed in a porcelain dish, and wet with a few drops 
of water ; if phosphoric acid was present, the phosphu- 
retted hydrogen formed may be recognized by its odor. 
HI. Potassium. The violet color of the flame is sulficient- 
ly characteristic for potassium (see par. 41). But being al- 
together prevented, or at least made very indistinct, by t^e 
addition of a few per cent, of soda or lithia, it can oO^V 
in a very few cases be made use of. For the detection ^ 
potassium in silicates it is almost entirely unavailable. 



cause these compounds almost always contain some soJ-^' 
112. If the base of a compound consists essentially ^^ 
potassium, the following method may be advantageous ^ ^ 

^...^,.^^^.. .^. ..^ , -^ ^-tr 

tie boric acid has been added, is melted into the ho<^ ^ 
of a platinum wire, and so much pure protoxide ^^ 
nickel, free from cobalt, added that the glass on coO 
ing shows a distinct brownish color. A small piece ^ 
the substance under examination [No. 38] is made t^^ 
adhere to the glass, and the whole fused together wit*^ 
the oxidizing flame. If the assay-piece contained n^ 
potassium, the color of the glass, after perfect cooling, wil> 
have remained unchanged ; but if potassium was present ii^ 
sufficient cjuantity, the glass will appear bluish. 

The simplest means of detecting potassium in a salt in 
which, owing to a greater or less amount of soda, the 
violet coloration of the flame cannot be recognized, con- 
sists in viewing the color of the flame through deep-blue 
cobalt glass or a stratum of indigo solution (see page 
1 19). The presence of potassium is recognized, according 
to the thickness of the intervening medium, by the violet 
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or poppy-red color, while a very large amount of sod*' 
produces a blue color, and a smaller quantity is not pei^ 
ceptible. 

The carbon of organic matter produces the same color; 
as potassium, and if contained in the assay should be re- 
moved by ignition. 

If lithium is present, a thicker stratum of solution or 
darker glass must be used. 

According to Merz, a green glass may be used in some 
cases with advantage, the lithium flame being invisible 
through it, while the potassium and barium flames appear 
bluish-green, and that of sodium orange- yellow. 

In testing silicates with the cobalt glass, they should 
first be healed with pure gypsum in the flame, thus form- 
ing sulphate of the alkali, which is volatile, and imparts to 
the flame its characteristic color. 

113. Selenlnm, The reactions of selenium are very cha- 
racteristic. In non-volatile compounds, which do not 
give the red sublimate mentioned in par. ii, f, the selen- 
ium is detected by heating a small piece of the substance 
[No. 84] on charcoal in the oxidizing flame, when the 
peculiar odor is evolved ; if much selenium is present, a 
coating is deposited (.see par, 36). Selenites and selen- 
ates are treated on charcoal with soda in the reducing 
flame, when a reduction takes place and the selenium va- 
porizes with the characteristic odor (see pars. 20, 61, 152). 

114. Silioa. Pure silica [No. 51], when treated with 
borax on platinum wire, dissolves slowly to a transparent 
glass which fuses with difficulty. Treated with salt of 
phosphorus in the same manner, only a small quantity is 

"iquid bead as a semi- 

th soda, see par. 45. 

pale -bluish 
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color, which, on addiiion of a large quantity of the re- 
agent, turns dark-gray or black; very thin splinters may 
be fused by a great heat to a reddish-blue glass, 

115. Silicates [No. 58], when treated with salt of phos- 
phorus on platinum wire, art- decomposed ; the bases unite 
with the free phosphoric acid to a transparent glass, in 
which the silica may be seen fiuating as a gelatinous, 
cloudy mass. The bead ought lo be carefully observeil 
while hot. since many silicates form a glass which on 
cooUng o|«lizes or becomes opaque, when, of course, the 
phenomenon can no longer be seen. The experiment is 
best performed with a small splinter of the substance un- 
der examination, and only when this does not appear to be 
affected by the flux, the finely- pulverized substance should 
be used. If but a very small quantity of silica is present, 
the glass will appear perfectly transparent. Its presence in 

se cannot be detected by means of the blowpipe. 

116. Silicates containing at least so much silica that the 
quantity of oxygen in the acid is twice that of the oxygen 

base, dissolve, when treated with soda on charcoal, 
with eflcrvescence, to a transparent glas.s, which remains 
when cold. When less silica is present decomposition 
also takes place, but the glass turns opaque on cooling, 
the amount of sodium silicate which is formed not being 
I sufficient to dissolve the eliminated bases. 

Sitrer. The reactions of silver, pars. 29, 1 7 1 , and Table 

I n., ^^. 

117. When in combination with metals which arc vol- 
I atile at a high temperature^for example, bismuth, lead, 
I zinc, antimony — the substance is heated alone on charcoal, 
Lwhen, after volatilization of these metals by long blow- 
nng, a butlon of pure silver remains behind, and a red- 

I '^Ih coating is deposited on the charcoal. 
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*ith much lead or bisminh, these metals are best removed ' 
by cu|>ellalion, a process which is performed in the follow- 
ing manner: Finely-pulverized bone-ash is mixed wi 
minute quantity of soda, and made with a little water into 
a stiff paste ; a hole is now bored into the charcoal, filled 
with the paste, and its surface smoothed and made slightly 
concave by pressing on it with the pestle of the little agate 
mortar. The mass is then dried by the flame of a gas or 
spirit lamp. On this little cupe! the assay [No, 13] i 
placed, and heated with the oxidizing f5ame until the 
whole of the lead or bismuth is oxidized and absorbed 
by the cupel. The silver, or if gold is present the alloy 
of silver and gold, remains as a bright metallic button on 
the cupel. 

118. When combined with metals which are not vola- 
tile, but which are more easily oxidined than silver, the 
presence of this metal may in some cases be detected by 
simply treating the alloy with borax or salt of phosphorus 
on charcoal. Copper, nickel, cobalt, etc. are oxidized, 
and their oxides dissolved by the flux, while silver re- 
mains behind with a bright metallic surface. But when 
these metals are present to a considerable extent, another 
course has to be pursued — a course which may always be 
taken when a substance is to be assayed for silver or 
ver and gold. 

119. The a-ssay-piece [No. S3] is reduced to a fine ■ 
powder, mixed with fused borax and metallic lead (the | 
quantities of which altogether depend upon the nature of 
the substance, and for which, therefore, no general rule 
can be given"), and the mass placed in a cylindrical hole 
of the charcoal. A powerful reducing flame is given 
til ihe metals have united to a button, and the slag ap- 1 
pears free from metallic globules. The flame is now C( 
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vetUd into an oxidizii^ Aune and directed principally 
upon tbc button. Sulpfanr, ar^nic, antimoDjr, and other 
TCiy ToUtilc mbstances are volatiliKd ; iron, tin, cobail, 
uid a. little copper xuA, nickel become oxidized and are 
absorbed by ibe flnx ; silver and gold and ibe greater 
part of tbc coiipcr and nickel mnatn with the lead (and 
tHsnath, if pnseMl. Wbcn all t-olatile substances are 
driven off, ihc lead begins to become oxidiied and the 
button asuines a rotary nxtlion ; at this period the blast 
is discondnned. tbc a^aj is allowed to cool, and when 
perfectir cold the lead bntloa is separated from the glass 
by some sitgbl strokes with a hammrr. It is now placed 
OR a cnpel of bone-ash afid treated vitli tbe oicidizing 
Aaioc until il again asomes a rotatory motioo. If much 
copper or nickd is present, the globule bccotncs covered 
with a thick iafustUe crast. vriuch pcemus tbe oxidation ; 
in this case another aaall piece fd pare lead bos to be 
added. Tbe blast k kept np mtil ibe whole oT the lead 
and other foreign metab — ^viz. copper and nickel — aie 
extdtted : ihts is indicated bj the cesatkn of the rota- 
tory movement, if only little salrcr is pecsent. or by the 
appearance of all die tiitts of tbe ninbow oner the whole 
a nrfa ce of tbe hottoa if tbe ore w^ very rich in silver; 
lAcr a few BBomcMs it takes the took of pore silver. The 
5 of kad, copper, etc. ate absorbed by ibe bone-ash, 

) aad |Hn stiver, or ui alloy of sihrr vidi other nobk 
aanias bebtBd ; (be baiton ttax be tsted £ir 

■ (dU, etc. after dte metbod given in par. 95. 

Tk silver chloride can be l ed me d on coal with soda. 
Tbe prince of m^iJibi 
ases be t lete c wd by Wabng mag 
e toK par^ la. MH v oa ^a<caal with the a 
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In testing for sulphur, an alcohol or olher flame free 
from sulphur compounds, and noi coal gas, should be 
used {see pars. 49, 185). 

121, A very delicate test for the presence of sulphur, in 
whatever combination it may he contained in the sub- 
stance, and which possesses, moreover, the advantage 
over all other methods of being very easily performed, 
is to mix the pulverized assay [No. 36] with some pure 
soda, or, better still, -with a mixture of two parts of soda, 
perfectly free from sulphates, and one of borax, and to 
treat it on charcoal with the reducing dame. The fused 
mass is removed from the charcoal, powdered, the pow- 
der placed on a silver foil or a bright silver coin, and a 
drop of water added. If the subsDnce under examina- 
tion contained any sulphur, a black spot will be formed 
on the silver foil, owing to ihe formation of silver sul- 
phide from the decomposition of the sodium sulphide, 
which in its turn resulted from the decomposition of the 
sulphide or sulphate, or other sulphur compound of the 
assay-piece, under the influence of soda, charcoal, and a 
high temperature, Seleniuin and tellurium show the same 
reaction. The former is readily recognized by the pecu- 
liar odor which it emits when heated on charcoal alone, 
and the latter by its coating and flame. 

If a substance containing sulphur is fused with sodium 
carbonate in the reducing flame, moistehed with 
a watch-glass, and a little sodium nitro-prusside added, a 
fine reddish -purple color is produced. 

A dilute solution of ammonium molylKlate with an ex- 
cess of hydrochloric acid is colored fine blue by a small 
quantity of sulphuretted hydrogen or sulphides dissolved 
in water. 

Sulphides treated with hydrochloric acid liberate sul- 
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phur«:ilc<l hydroger. which mar he recctcnizfid H h 
f/'lor ;iii(l blackening a piece of paper iD£xisce!Ded 'vriii: ka^ 

.If ft.ltC. 

'I <Mlr< irie whether the reacdoos obtsdrwd iin ti* csperi- 
iiMiij > above were owing to the f^resence- of a ja^ciiSrcc 
lo tli.it of a sulphate, the fi neJy-pulverized scbsEauce p^'o. 
7^1 is fused in a small platinum spoon mii^ <iC>3De jocss* 
Mil 111 li)<lnite. 'J'he s[x>on with the contesisistbeiipilactd 
III a vessel ( ontaining some water, and a piece of siiver 
inil pla( (•(! in the li(juid. If the silver remaiss \^' 
lr( il) bti;.'.Iit, .'I sulphate was present; if it turns black, a 
Ml I pilule. The aljsence of substances which might exer- 
« I'.r a lerhu ii)g infliicncc is required. 

122. Tiilllirium. The presence of tellurium in mineral 
Mib-.i.iiK es is detected by the tests given in par. 11, 37* 
1,1. In picseiue of lead or bismuth the reactions in the 
npeii liiheii aiul OH charcoal are not quite sure. In this 
« a-.c we may siibjcc t the assay to the following treatment: 
I In- MibstMiK I- is mixed with some soda and charcoal- 
pMwdci, the mixture introduced into a glass tube closetl 
a! (Hie end and lieiitcd to fusion; after cooling, a fe^ 
dicips nl hot water arc ])oured into the tube; if tellurium 
w.f. pit-.ent, sodium telluride has been formed, which dis- 
Mi.lvr-, in hot watiT with a purplish-red color. This test 
ij .ippJM .ilile to show the presence of tellurium in a great 
many « oinpouiids, even when it occurs in the oxidized 

f:lale. 

Wtttiiitl tt'llurium compounds, when gently heated in a 
maliass with an excess of sulphuric acid, impart to it a 
piiiple or hya( iiuh-rcd color, which disappears on adding 
Wiilei, while a l)la( kish-gray ])recipitate is formed. When 
u mineial <(mtaiiiin^ tellurium is treated on coal it gener- 
ully yielils a white tellurium dioxide coat, with a reddish- 
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yellow border, which disappears under the reducing flame, 
impartingto the flame a green, or, in presence of selenium, 
a bluish-green, tinge. The horse-radish oilor would be a 
certain indication of selenium. 

if the mineral contains Uad or bismuth, and is treated 
alone on coal for only a few moments, no pure tellurium 
dioxide coat is obtained, but a mixture of this with lead 
or bismuth oxide is liable to be depositeil. This difficulty 
can be remcilied by mixing the powdered assay with an 
equal volume of vitrified boric acid and treating it in 
the reducing flame. The lead or bismuth oxide is dis- 
solved in the boric acid, notwithstanding the reducing 
flame, and yields no coat, while the tellurium alone vola- 
tilizes and coats the coal. When much selenium is also 
present a portion of it is deposited on the coal, and then 
the tellurium dioxide coal is less distinct. In such cases 
the mineral must also be tested in the open tube. 

Tin. The reactions of tin and its compounds, see pars. 
\3, 28, 55, 173, and Table II.. 30. 

123. The presence of tin is indicated by its coating 
when the substance [No. 7], alone or mixed with soda, 
is exposed to the reducing flame on charcoal. 

If a small quantify of a tin compound be added to a 
borax bead colored blue by copjwr oxide, and the redu- 
cing flame be applied, the bead becomes brown. 

If substances containing tin oxide are heated on char- 
coal with soda and borax in the reducing flame, malleable 
beads of tin are obtained. These are separated from the 
slag and heated in the oxidizing flame, which converts 
them into white oxide, and is deposited on the charcoal 
near the assay. Treated with cobalt solution, the coat- 
ing becomes bluish-green. When occurring together with 
zinc it can only be detected with certainly in the wet way. 
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124 To detect copper in tin or its alloy — as bronze, 
IxfU-metal, and gun-metal — tlie assay [No. 15] is fused 
with a flux consisting of one part of soda, one-half part 
of fused borax, and one-third part of silica. The flame 
is so directed thai the metallic globtde assumes a rotatory 
motion. When in this stale the glass is kept covered as 
much as possible with the oxidizing flame, care being 
taken that the globule is at one side in contact with the 
glass, and at Ihe other with the charcoal. The tiu be- 
comes oxidized, and ihe oxide, in a measure as it is 
formed, absorbed by the flux, whilst the cop])er remains 
behind. The latter is separated from the glass and fur- 
ther treated with salt of phosphorus, whilst the slag is 
powdered and reduced on charcoal with sodium or po- 
tassium carbonate. 

Tin, when present in alloys, is almost always detected 
on fusing them upon coal ; the globule is crusted with 
oxide, which can be removed with some difficulty after 
adding borax. 

Sulphides containing tin, but forming no coat of oxide 
of tin near the assay, when treated alone on coal, must 
be roasted and treated in the reducing flame with soda 
and borax, when metallic tin is oblained, which may be 
tested alone on coal. If other reducible metals are pres- 
ent they form an alloy, in which ihe other metals can be 
recognized by means of ihe fluxes, 

Titaililllll. The reactions of litanium are given in pars. 

;, 176, and Table II., 31. 

I. Titanium dioxide, when forming the principal con- 

' stituent of any mineral substance, is easily detected by iB 

i behavior with the fiuxes, but when in combination with 

\ bases these reactions are not always clearly perceptible, 

ng frequently obscured by the predominating n 
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of the base. In such cases we may subject the assay to the 
following treatment, by which even very small quantities 
of titanium dioxide will become apjiarent : The substance 
[No. 62] is reduced 10 a very fine powder, mixed with 
from six to eight parts of acid potassium sulphate, and 
fused in a platinum spoon at a low red heat; the fused 
mass is dissolved in a porcelain vessel in the smallest 
possible quantity of water, aided by heat. If concen- 
trated, it may be healed to boiling. There remains an in- 
soluble residue, which is allowed to settle ; the clear liquid 
is poured off into a larger vessel, mixed with a few drops 
of nitric acid and at least six volumes of water, and heated 
to ebullition. If the substance under examination con- 
tained any dtanium, a white precipitate of metatitanic 
hydrate forms on boiling. If the solution is not acidified 
with nitric acid before boiling, a yellow, ferruginous pre- 
cipitate is obtained when the substance contains iron. 
The precipitate is collected on a filter, washed with wa- 
ter, acidulated with nitric acid, and tested Wm salt of 
phosphorus, either on platinum wire or on coal. If 
the amount of metatitanic hydrate is so small that it 
does not give in the reducing flame to the salt of phos- 
phorus the violet color of titanium dioxide, it is only 
necessary to add a little iron sesquioxide when the assay 
is upon a wire, or a small piece of iron wire when on 
coal, and to fuse the glass for a short time with the redu- 
cing flame; it appears yellowish while hoi, and brownish- 
red when cool. 

If titanium dioxide be fused with caustic potash, dis- 
solved in water, and the solution evaporated after addi- 
tion of an excess of hydrochloric acid and a piece of tin- 
foil, the liquid becomes violet-colored, aud, 00 dilutii 
with water, rose- red. 
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Tungsten. The reactions are given in pars. 45, 51, 175, 
:i.ul Table IL, 33. 

126. Tungsten may be detected by fusing the assay with 
five limes its weight of sodium carbonate, the mass ex- 
tracted with water, and the tungstic acid precipitated with 
hydrochloric acid in the form of a white powder. The 
precipitate becomes yellow on boiling, and is insoluble in 
excess of the acid (distinction from molybdic acid), but 
dissolves in ammonium hydrate. The solution, after acid- 
ification, gives a deep-brown coloration with potassium 
ferrocyanide, and after some time a precipitate of the 
same color separates; with silver nitrate a white, and 
with stannous chloride a yellow, precipitate is produced. 
On acidifying with hydrochloric acid and warming, the 
precipitate changes to a clear blue color, which is very 
characteristic. 

127. UraniimL The presence of this metal is easily 
recognized, in substances which contain no other color- 
ing constituents, by the reactions given in Table 11., ^y, 
the most characteristic test is that with salt of phosphorus. 
In presence of much (><)« this reaction becomes indistinct; 
we may then operate in the foJlowing manner; The finely- 
pulverized substance [No. 67] is fused with acid potassium 
sulphate, the fused mass dissolved in water, mixed with 
ammonium carbonate in excess, the liquid separated from 
the precipitate by filtration, and the filtrate heated to eb- 
ullition. If any uraniimi was present, a yellow precipitate 
is thrown down, which gives with the fluxes Che reactions 
of pure uranium. 

If the substance contains copper oxide, it is treated with 
soda, borax, and a silver bead on coal in the reducing 
flame until all the copper is reduced and taken up by the 
^Iver, after which the slag, containing uranium and other 
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. non-reducible oxides, like iron in a low state of oxidation, 
is dissolved by warming it with a little nilric acid, treated 
with excess of ammonium carbonate, and the process con- 
dueled as above (see par. i8a). 

Vanadium. For the reactions of vanadium and its com- 
pounds, see pars. 41, 51, 180, and Table II., 34. 

128. On fusing vanadium compounds with soda and 
nitre on a platinum spiral, extracting with water, adding 
acetic acid in excess, and then silver nitrate, a yellow 
precipitate is formed. By evaporating the fused mass 
with aqua regia, a yellow or brownish solution is formed, 
which turns blue on the addition of stannous chloride. 

If the solution of the fused mass in water is acidified 
and well shaken with hydrogen peroxide, it becomes red, 
and retains this color on the addition of ether, the latter 
remaining uncolored. 

Ziae. The reactions for zinc and its compounds, see 
pars, la, 34, 54, and Table II., 35, Also par. i(5o. 

129, A sniiiU amount of zinc, when associated with 
considerable quantities of lead, or bismuth, or antimony, 
or tin, cannot always with certainty be ascertained by 
mean^ of the blowpipe. 

If the substance under examination contains the zinc 
as oxide [No. 2t\ or but a small quantity of sulphide, 
it is mixed with soda and treated on charcoal in the re- 
ducing flame. Substances consisting essentially of zinc 
sulphide may be thus treated without the addition of 
soda, and such as contain, besides zinc oxide, other me- 
fallic oxides, are conveniently mixed with some soda to 
which about one-half of its weight of borax has been 
added. A ring of zinc oxide is deposited on the char- 
coal. When lead is present [No, 12] the coating is fre- 
quently not pure, being mixed with the coating of lead. 

10 
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In this case it is moistened with some cobalt solution 
and heated again with the oxidizing flame ; the lead ox- 
ide is reduced by the red-hot charcoal and volatilized, 
while the zinc oxide remains behind with a green color 
(see par. 56). It is well to moisten the charcoal at the 
point where the coating is to be formed with the cobalt 
solution. 

The above reaction is not affected by the presence of 
lead and bismuth, but in the presence of much antimony a 
little zinc can only be found with difficulty before the blow- 
pipe, for the oxides of antimony formed will have a green 
color, and cannot be driven off with the oxidizing flame. 
In many compounds, however, all of the antimony may 
be volatilized with the oxidizing flame, and the zinc then 
treated with the cobalt solution. 

If tin is present the zinc cannot be recognized by the 
coating on coal, as its oxide assumes a bluish-green color 
with the cobalt solution. 

When zinc occurs in small quantity it may be deter- 
mined by using as a flux a mixture of nitre, sodium chlo- 
ride, and soda, a coating being formed more readily from 
the volatile chlorides. 
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CHAPTER IV. 



Manv substances, when broughl imo a colorless or no: ^con 
luminous flame, color it in a remarkable manner, TW^ "^ 
colorations are, in many cases, characteristic of the el- *- '* 
ments yielding them, and furnish excellent means of d .^E^* 
tecting the latter, even in the minutest quantities, wit» -"' 
great ease and certainty. Thus sodium-salts tinge tt •" 
flame yellow; potassium compounds, vhslet; lithiuir:^*^' 
salts, carmine-red; and on account of this peculiarit^:^^/ 
they may be distinguished from each other by the sirc^ '" 
plest experiments. 

The Bunsen lamp, with chimney, previously describe*^:^ 
(Fig. 4), is especially adapted to such observations. Th^^ 
substance to be tested is brought by means of the pla- 
tinum wire-loop (Fig. iz) into the zone of fusion of the 
gas-flame. The alkalies and alkaline earths are most re- 
markable in their coloring effects on the flame. If we 
compare together various salts of the same base, we find 
that they all, if volatile at the temperature of the flamej 
give the same color, but the color diflers in intensi^, 
being strongest with the most volatile salts, and nice 
versd. Thus, potassium chloride gives a deeper tinge 
to the flame than potassium carbonate, and carbonate x 
stronger than potassium silicate. Sometimes a non-vola- 
tile compound is made to exhibit a characteristic tint by 
XIB 
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BLOWPIPE ANALYSIS. 

llicDC MiliKlnnce^ L-xpciiences when the ra^ reach theejie 
olicr piuising througii gradually thicker layers of an indigo 

Roliition. 

ISl. Tlie a|)paratus for these olwervations is simple, i-it. : 

I. A hollow prism, made of plate glass C^igs. 23, 24). 

lOMT prJiiciiJal setaion forms a triangle, with Iwo sides 
of 150 inillimtiires and one of 35 millimetres long. The 
■uluiiun with whicli it is filled is prepared by dissolving 
I part uf indigo in 8 parts of fuming oil of vitriol, adding 
joo lu 30O0 parts of water, and filtering. ^H 

In ihc Ibllowing ex)KrimcnLs the prism is moved Ij^^f 
izdiiliilly before the eye, so that the rays of the flame ^H 
wayx pQHS through gradually thicker layers of the medium. 
1'hc utkiiliiie nub^tances, brou^^ht singly into the melting- 
L-, exhiltil the following changes: 
Chtmkiilly pure calcium chloride, CaCl,, pro- 
duces a yellow (lame, which, even with very thin layers 
of Ihe indigo Holution, passes through a tinge of violet 
Inio the orininul blue-lump flame. 

/. Chtmieally (•inr sodium chloride, NaCI, the same, 

(. Chtmkaify purf potaesiutn oarbonate, KjCO,, or 
potMMlum chloride, K.CI, a])pears of a sky-blue, then 
violi!l, Hiid at Inst of an intense crimson-red, even when 

111 through the thickest layers of solution. Admixtures 

Miidium orcnlciumdo not hinder the reaction. 

./. Chemiiitlly purr lithium oarbonate, Li,CO,, or 
llthtum ohloride, LiCl, gives a carmine-red flame, 
h. With increasing thickness of the medium, be- 
COmcB griidimlly feebler, and disappears before the thick- 
OBl layers pass before the eye. Calcium and sodium are 
also without inlluent'e on this reaction. 

%. A bine, a violet, a red, and a green glass. The blue 

In colored by coljaU protoxide; the violet, by manganese 
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sesquioxide ; the red (partly colored and partly uncol- 
ored), by cuprous oxide; and the green, by iron sesqui- 
oxide aud cupric oxide. The stained glasses found in 
commerce and employed for ornamenting windows gen- 
erally possess the requisite shades of color. 

Merz, who has made a complete investigation of this 
subject, employs with these glasses Bunsen's burner, and 
also a flame of pure hydrogen. The substances which he 
describes as giving characteristic colors to the flame of 
Bunsen's burner, in addition to those previously known, 
are nitric and chromic acids, while phosjihoric and sul- 
phuric acids give a peculiar coloration to the dark core 
of the flame of hydrogen. 

132. The flame of Bunsen's burner gives three sorts of 



a. Border colors. These are of course peculiar only to 
the most volatile substances. To produce them, the loop 
of platinum wire is to be held outside of the flame about 
one or two millimiltres from the lower portion of the 

li. Mantle colors. Those, namely, which are seen when 
the substance is held in the bright blue-colored mantle 
which forms the outer portion of the flame. 

c. Flame colors. To jiroduce these, the loop is to be 
held horizontally and in the hottest part of the mantle. The 
hydrogen flame yields another species of color — viz the 

d. Core colors. These are produced only by sulphuric 
and phosphoric acids, which communicate respectively a 
blue and green tinge to the cold core of the hydrogen 
flame. 

The following, according to Merz, is a list of the more 
commonly-occurring substances which color the flame, 
with the color they iraijart: 
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BLUE FLAMES. 

(^Consult page 123.) 

Intense 1)1 ue, afterward green Copper chloride. 

I'ale clear blue Lead. 

l.i^ht l)lue Arsenic. 

(Ireenish-hlue Antimony. 

nine mixed with green Copper bromide. 

Hhie core color Sulphuric acid. 

Indi^o-l)lue Indium. 

GREEN FLAMES. 

{^Consult page 123.) 

Hron/f-green border color Nitric and nitrous acids. 

•• " " " Ammonium compounds. 

<' •• " " Cyanogen " 

(Ireenishblue border color Hydrochloric acid. 

(lu'cn mantle color Boric acid. 

( Iray yellow-green border color Phosphoric acid. 

Yellowish-green flame color Barium compounds. 

I )ark -green Iron wire. 

lull ^rten *. Copper. 

intense cnu'rald-green " iodide. 

l'',nu'ial(l-|;ieen, mixed with blue .... " bromide. 

i'ale-green Phosphoric acid. 

Intense whitish-green Zinc. 

RED FLAMES. 

( Consult page 124.) 

Intense-crimson Strontium compounds. 

Keddish-i)uri)le Calcium " 

Violet Potassium " 

Dark brownish-red border color ) .,, . .. 

, , , , > . . . . Chromic acid, 

and a rose- red mantle color ) 

YELLOW FLAMES. 

{^Consult page 125.) 

Yellow Sodium compounds. 

Feeble brownish-yellow Water. 



133. Bine flames. Cuoric chloride aives an azure- I 



133. Bine flames, Cupric chloride 
blue zone, and cupric nitrate a pure green flame color. 
By the combined observation of both colors, copper 
may be distinguished from all other tnetais which give 
similar colors. The otiier flame-coloring metals — such 
as arsenic, antimony, tin, lead, mercury, and zino 
— exhibit, especially in the form of chlorides, more or 
less intense bluish or greenish mantle colors, which, how- 
ever, cannot be advantageously used as reactions for the 
ruetals themselves. 

Sulphuric acid produces a beautiful blue core color, 
being reduced to sulphur dioxide. The free acid gives 
the color when the plalinum loop is lield in the border 
of the flame, but a sulphate must be held in the middle 
of the flame. In ihe latter case it is well to dip the 
test into strong hydrochloric acid or hydrofluosilicic 

134. Green flames. Nitricandnitrousacidsgiveabronzc- 
green border color, usually with an orange-colored bor- 
der. The test is to be previously dried in die flame, and 
dipped into a solution of acid potaesium sulphate, or 
into dilute hydrochloric acid, according as we wish to 
test for nitric or nitrous acid. Ammonium and cyanogen 
compounds give the same bronze-green border, but more 
faintly. Hydrochloric acid gives a very weak greenish- 
blue border color, which lasts for a very short time, and 
therefore does not deserve attention. The acid is, how- 
ever, decomposed, and the chlorine may easily be rec- 

Boric acid gives a beautiful green mantle color, which 
is so intense that the acid may be recognized in the pres- 
ence of large quantities of phosphoric acid. Borates are 
to be decomposed with sulphuric acid. Phosphoric 
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acid gives a gray yellow-green border color, as well as a 
beamiful green cort color. Tlie dry lest is to be dipped 
into sulphuric acid, and held in the flame in the man- 
ner already pointed out, inorder to show the border color. 
The green core color is less sensitive, but indispensable in 
recognizing phosphoric acid in the presence of large quan- 
tities of boric acid, and is produced by alternately moist- 
ening the test with a solution of hydrofluosilicic acid, and 
igniting it in the hydrogen flame, until the color distinctly 
appears. 

Barium may be recognized by the yellowish -green 
flame color, which appears blue-green through the green 
glass. If the green disappears, and a red flame color 
makes its appearance, the test is to be repeatedly moist- 
ened with hydrochloric acid, and immediately intro- 
duced while wet into the hottest part of the flame. When 
the blue-green color is no longer seen, proceed to examine 
for calcium. 

135. Red flames. Calcium is present when the red flame 
color, on evaporating the last portion of hydrochloric 
k aoid, appears siskin -green through the green glas-s, 
■iStrontium gives in this case a weak yellow. Stron- 
■ 4dam may be recognized by the purple or rose color 
I which is seen through the blue glass, when the test, after 
I moistening with hydrochloric acid, is evaporated to 
I dryness in the flame. 

PotaBsium gives a gray-blue mantle color and a rose- 
I violet flame color. These colors appear reddish- violet 
F through the blue glass, violet through a violet glass, and 
blue-green through a green glass. The test is to be moist- 
I ened with Bulphuric acid, and repeatedly exposed to the 
I flame for a short time. 

Chromic acid gives a dark brownish-red border color 
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and a rose-red mantle color. The dry test is to be moist- 
ened with concentrated sulphuric acid and held in the 
border. Chromic oxide gives no color, and is to be first 
oxidized to chromic acid by moistening with a solution of 
sodiimi hypochlorite and drying. 

136. Yellow flames. Sodium gives an orange-yellow 
flamecolor, which in very largequantity appears blue, but in 
small quantity is invisible through the blue glass. Through 
the green glass the flame appears orange-yellow, even with 
the smallest quantity. This glass is particularly adapted 
to the recognition of sodium in all its compounds. The 
test should be moistened with sulphuric acid, dried, 

I held in the hottest point of the flame. 



^^■|d held in the hottest point of the flame. ^^H 

^^V BUNSEN'S FLAME REACTIONS. ^H 



BUNSEN'S FLAME REACTIONS. 

Almost all the reactions which can be performed by 
means of the blowpipe may be accomplished with greater 
ease and precision in the non-luminous flame of the gas- 
burner. This flame, moreover, possesses several peculi- 
arities which render it available for reactions, by which 
the smallest traces of many substances occurring mixed 
together can be detected with certainty when the blow- 
pipe and even still more delicate methods fail. Only the 
principal reactions that can be obtained in this way are 
here given. 

137. Bimaen'a gas-lamp. This lamp, with non-luminous 
flame, is represented in Fig. 4, and must be made about 
three limes as large as the drawing. It must be fur- 
nished with a cap for closing and opening the draught- 
holes, so as to be able to regulate the supply 
every dimension of the flame. The conical chimney 
ddd d (Fig. 33) must also be made of such a size that 
the flame burns perfectly steady. Fig. i^ represents the 
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le of its proper size. It is coni|>osed of the following 
three chief divisions: 

A. The dark cone, aa aa, containing the cold unburnt 
gas mixed with about 6i per cent, of air. 

B. The flame mantle, a e ab, formed of the burning 
Goal-gas mixed with air. 

C. The Inminoua point, aba, not seen when the lamp 
is burning with the draught-holes open, but obtained of 
the size reiiuired for the reactions by closing these holes 
Up to a certain point. 

The following six points in the flame are used in the 
reactions: 

1. The base of the flame lies at a; its lemperatnre is 
comparatively very low, as here the burning gas is cooled 
by the upward current of cold air, and much heat is ab- 
sorbed by the cold end of the metal tube. If mixtures 
of flame'coloring substances are held in this part of the 
flame, it is often possible to vaporize the most volatile 
constituent, and thus in the flrst few moments to obtain 
tints which cannot be observed at higher temperatures, 
because they then become masked by colors produced by 
the volatilization of the remaining substances. 

2. The zone of fusion lies at ,S, somewhat above the 
first third of the flame in height, and midway between 
the inner and outer limits of the mantle at the point 
where the flame is thicltesl. This is the point in the 
flame which possesses the highest temperature, and it is 
therefore used in testing substances as regards their melt- 
ing-point, their volatility, emissive power, as well as for 
all processes of fusion at high temperatures. 

3. The lower oxidizing flame lies at y, in the outer mar- 
gin of the zone of fusion, and is especially suitable for the 
oxidation of substances dissolved in beads of fused salts. 



H30 sr.o(i'p/PE A-cAc irsrs. 

■ 4, The npper oridking flame at . u farmed by the 

Hglir«t ]...,m „f ihe non-luminous flame, and acts most 
Hpwcrfully when ,he draugh.-hoI« of the Ump ^ wide 
^ben. Ih., flame is suited for the oxidation of UiBer 
H»rii0iiit of Bubstance. for roasting off volatile-ondation 
Hrodorti, an<i Rcncrally for all those cases of oxidation in 
HitiKh nn excessively high temperatm* is not needed 

H 6. The lower reducing flame lies ai -i. on the interior 

M^^^v of the manilc next to the dark central zone. As 
the reiliiting Rases at this point are mixed with nnburot 
utmosiihcrir oxygen, many snhslances remain here uoal- 
icicrf whitJl become deoxidized on exposure to the npper 
rciliuing (lame. This point of the flame gives, therefore, 
very valuable reairtioiis which cannot be obtained with the 
blowpi[W. It incsijccially available for reductions on char- 
^Lfonl <>n^ '" )>codH of fnsi;il salts. 

^■^6. The upper reducing flame is formed by the luminous 

H^lnl ij, profiiK I'd ovi-r the dark zone when the admission 

^Ef aSt \t Icsucned by the gradual closing of the draught-holes 

^Ef the Um]i. If ihis luminous point is made too large, it will 

^^1 found Ihut a tent-tulw filled with cold water becomes cov- 

orfld with a film of lampblack: this never ought to occur. 

This flume ronUiins no free oxygen, is rich in finely-divided 

Incandexcenl carbon, and hence it possesses far more pow- 

[111 reducing powers than the lower reducing flame. It 

ll wpecially available for reducing metals when it is desired 

B collect them in the form of films. 



. Behavior of the Elements al High Temperatures. ' 

I 138, This is one of the most important reactions which 
a be cmi>lo>'ed for the detection and separation of sub- 
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the flame must tlierefore be on a very small scale. Tht 
platinum wire upon which ihe substance is healed must 
scarcely exceed the thickness of a horsehair, and one 
decimetre in length of the wire must not weigh more 
than 0.034 grm. Il is impossible to obtain the results 
hereafter detailed if a thicker wire than this is employeii. 
Suhstances which act upon platinum, or which will not 
adhere to the moistened surface of the metal, are held in 
the flame upon a thin thread of asbestos, of which a hun- 
dred may be obtained from one splinter of the mineral. 
These threads must not exceed in thickness one-fourth of 
that of an ordinary lucifer- match. Decrepitating suli- 
stances are ground to the finest powder on the porc«bin 
lamp-plaie with the elastic blade {a) of the knife (Fig. 
34), and drawn up on to a moistened strip of one square 
im^tre of filter-paper. If the paper is ihen burnl, 
being held with the plalinum forceps, or, better, betw«n 
rings of fine platinum wire, the sample remaiusass 
coherent crust, which now may without difficulty bs 
heated in the flame. 

If the substance require to be heated in the flame for 
a long period, the holder (.Fig. 35) is used. The arm 
(fl) is fastened to the carrier (^Aj, so fixed on the stand 
by a spring (as seen at B) that it can be moved both hor- 
izontally and vertically. The glassi tube (Fig. 36) is held 
on this arm {a), and the fine platinum wire fused on to 
the tube thus held in the flame. The splinters of asbes- 
tos are stuck into the glass tube {h), which slips into the 
holder, and tnay then be moved with the carrier (A). 
The carrier (B') carries a spring-clamp for holding test- 
tubes which have to be heated for a considerable time in 
a particular part of the flame. The little turn-table (C) 
contains nine upright supports to hold the wire tubes (Fig. 
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Byn 



s of these a 



^ employed in the experiment: 

.rtide of the substance under examination 
the flafne, and its behavior in the cold- 
est and hottest parts of the flame is ascertained, the sub- 
stance being examined with a lens after each change of 
temperature. The following six different temperatures 
can be obtained in the flanie, and these points may be 
judged of by observing the tints attained by the thin 
platinum wire: 

► I. Below a red heat. 

3. Commencing red heat. 
3. Red heat. 

4. Commencing white heat. 

5. White heat. 

6. Strong white heal. 

It is scarcely necessary to remark that these different 
temperatures must not be ascertained by the glow of the 
subsianizes themselves, as the luminosity of different bod- 
ies depends not only upon the temperature, but also mainly 
upon their specific power of emission. 

The following phenomena are observed when a sample 
of a substance is heated : 

139. Emission of light. Theeraissivepowerofsubstances 
is ascertained by placing them on the platinum wire in the 
hottest part of the flame. The sample is of weak emissive 
power when it is less luminous than the plati 
a mean emissive power when both appear about equally 
luminous i and of strong 

sity of the light which it emits is greater than that from 
the platinum. Most solid bodies emit a white light, oth- 
:, for instance, erbia — colored light. 
Some bodies, such as many osmium, carbon, and mo- 
mum compounds, volatilize and separate out finely- 
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divided solid matlcr, which renders the Rame luminoas.] 
Gases and vjpurs always exhibit a smaller power of emi^-^ 
sion than fused substances, and Ihese generally less ltail.| 
solid bodies. The form of the substance under examina-; 
lion must always be noted, as the emissive power depemlii 
upon the nature of the surface: thus, compact alumi[«,| 
obtained by slowly heating the h)'drate, possesses only » 
moderate emissive power, whereas the porous oxide pre-j 
pared by quick ignition of the sulphate possesses a high' 
power of emission. 

140, The melting point is determined by using the siX' 

different temperatures already mentioned. At every in-, 

crease of lerajjerature the bead is examined with thelens; 

to see whether the volume is decreased or in- 

* ' creased, whether bubbles are given off on melt-! 

ing, whether on cooling the bead is transpareiil, 

and what changes of color it undergoes during the 

action of the heat or on afterward cooling. 

141. The volatility is ascertained by allowing 

equally heavy beads of the substance, placed (ffl 

a platinum wire, to evaporate in the zone of fu; 

sion, and observing the lime, by means of a n* 

tronome, which the bead takes to volatilize. TM 

point at which the whole of the substance is coi* 

verted into vapor can be ascertained with grrf 

acairacy, often to a fraction of a second, by tW 

sudden disappearance of the coloration of ibl 

flame. The platinum wire upon which the sub 

stance is weighed is protected from the moistUB 

of the air by insertion in a tube (Fig. 37^. If W 

know the weight of the tube and wire, the right weigh 

of substance can easily be attached, either by volatilil 

ing a portion or by fusing sonic more substance on fi 
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the bead, and thus making it lighter or heavier. The 
experimenls are best made with one centigramme of sub- 
stance. The position in the flame where the highest 
constant temperature exists can be found by moving a 
fine platinum wire, fixed on a stand and bent at its 
point at a right angle, slowly about the zone of fusion, 
and noting the point where it glows most intensely. The 
heads to be volatilized are then most carefully brouglit 
into the flame at the same distance from the point of this 
wire. Care must also be taken that the dimensions of the 
flame do not undergo change from alterations in the press- 
ure of the gas while the experiments are going on.* 

142. Flamfr«oloration. Many substances which volati- 
lize in the flame may be detected by the peculiar kinds of 
light which their glowing gases emit, These colorations 
appear in the upper oxidizing flame when the substance 
causing them is placed in the upper reducing flame. Mix- 
tures of various fiame-coloring substances are tested in the 
lowest and coldest part of the flame ; and here it is often 
possible to obtain for a few moments the peculiar lumi- 
nosity of the most volatile of the substances unaccompanied 
by that of the less volatile constituents. 

^^H B. Oxidation and Reduction or Substances. 

^^^ order to recognize substances by the phenomena ex- 
hibited in their oxidation and reduction, and to obtain 
them in a fit stale fur further examination, the following 
methoils are employed : 

143, Reduction in glass tubes is especially employed for 
the detection of Hg, or fur the separation of S, Se, P, 
etc., when in combination with Na or Mg. A stock of 

ir resnlls of cxperimenis by Hurliig niiil Buiit.i:ii sec Flami 
..by R. Buraen, iSSo, 
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Pig. 38. 



very thin glass tubeii is prepared, each z to 4 millims. in 
widlh and 3 centims. in length. Forty of these are easily 
made out of one ordinary-sized lest-tube, by softening fc 
i before the blowpipe, and then drawing it out until 
the requisite size of tube is obtained. This long tube ia 
then cut up with a diamond into pieces 6 to 8 ceatims. 
long, and each of these again divided into two overihe 
lamp, and (he closed ends neatly rounded. The sample, 
having been finely powdered with the knife-blade (Tig. 
1 the porcelain plate (Fig. 38), is treated in» 
tube either by itself, or with 
amixtyre of carbon and soda, 
vith sodium or magos- 
Biuni. A piece of magne- 
.^ ^_^ I siutn wire, a few millims. in 

^ Wj length, is for this purpose 

pushed down into the po«- 
f dered sample contained i" 
the glass tube; the sodium i* 
carefully freed from naphtha, 
and rolled out between the fingers to a small cylinder, 
which is then surrounded by the powdered substance. 
The best form of carbon is the soot from turpentine 
which has been deposited upon the outside of a basin 
filled with cold water. As soon as the small tube con- 
taining the perfectly dry sample has been heated to the 
point of fusion of the glass, when generally an ignition 
inside the tube is noticed, it is allowed to cool, and then 
placed upon the porcelain plate, covered by a piece of pa- 
per, and crushed to powder with the knife, for tiie purpose 
of further examining the products of reduction. 

144. Reduction on splinters of ohareoaL In this way the 
metal can be obtained in small globules, or as a poroiu 
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1, from quantities often less tlian a milligramme of the ■] 
iple. 

A transparentcrystal of sodium carbonate is brought near I 
to the outsLile of the flame, and a common wooden lucifer 
match then rubbed over two-thirds of its length with the ' 
drops of fused salt. If the match is then turned upon its | 
axis through the flame, the carbonized wood becomes sur- 
rounded with a crust of solid sodium carbonate, which, on 
heating in the zone of fusion, melts, and is absorbed by 
the carbon. A splinter of charcoal is thus obtained, 
which is prevented from burning by its glaze of soda. 
A mixture of the substance is then made with the knife 
upon the hand with one drop of the melted soda-crystal, 
and a portion of this of the size of a mustard-seed placed 
upon the point of the splinter. As soon as this has been 
melted in the lower oxidizing flame, it is passed through 
a pari of the dark interior zone to the hotter portion of 
the lower reducing flame. The point at which the reduc- 
tion occurs is easily seen by the violent effervescence of 
the soda ; and this is after a time stopj)ed by bringing the 
splinter into the dark zone. In order to isolate the re- 
duced metal, the end of the splinter is broken off and 
rubbed up with a few drops of water in a small agate 
mortar, when the metallic particles are generally v 
without removal of the carbon. For further 
tion, the carbon and soda can be easily removed by si 
eral careful washings, and the particles transferred l< 
small piece of curved glass cut out from an old flask,* 
in which they are again washed by decantation, the last | 
drops of water removed by suction with a piece of filter- 
id the metallic particles dried at a moderate heat: I 

Walch-glasses crack much loo re.idilj lo be ii^^cd for such e: 



m 



, ^r , nr.o wpiPE ajvaj: ix.'is 

\ I, « ii hili'i of a riiilligramme of rhe -n^^' irt ssxzil^ 

nil,. I. ni »•• M«'l«l a v>lijtion with wiircii iZ liui dram:- 

,, ,, n, |o. . i|.it:ili(»ns ran be accompLisned. r=e retioiE 

lu MM. . nni.ninMl in capillary glass threads, 'irocped ±:o 

,l„ ..Inunn l.v the milligramme, and the effecr tires pro- 

,ln. ..I .«.. .H;nm'.| hy examination with a lens. Iroc. 

...ImIi. hhI nukrl. which do not fiise to globci^s on tbe 

.,,l,ni.i H. wiiluliMwn from the agate monar by mems 

Ml ilw p.nni nl ilu' in;i^iu-iizcfl blade (Fig. 134^^ ,'w:Kheii 

^\'«1' u H.t, MMil «lii»«l hijih alK>ve the flame on the point 

,,f ilu I ml, II \\w lilinlc be then tightly drawn between 

,1,. n| 1 . 1 pni nl ihr ilniinl) and the lower part of the first 

i,n...». n»il \\ \\\v pniiii of the blade be then approoched 

,.. ih. nwnllu 1 ».n I H Ics on the finger, they jump from the 

l,,n.! »•* '1^' Mnlr, l»»iniinK a brush-like bundle, which 

, ,,, u . .Mn, uh nih iA;\niinrd by the lens, and bytouch- 

;,,,, ys\\\\ \ \\\x\ux\ Imm:\\ boad ran be transferred in suit- 

,11. .unnnin . I hr ptiit ion of metal remaining on the 

1 nil. « »hM». .1 on i.« \\ small ])icre of filter- paper, a drop 

,.i ,, nl nl.l.il. omI I hr p.»prr warmed over theflameso 

, I,. ^\\^^\\ iht n^i 111 lodissolvr; this solution can then 

1., intih* I « > onoji-d wilh varitMis reagents. 

y V'\\\\\^ \ipon Porcelain. 

Illf Wuw x.Oaiilr ilnnrnts whiih are reduced by 
. nltnn tnil h\«liorrn » an he ilopositcd from their com- 
p.tnnil'! >■: \\\\\\-^ '»n pourlaiiu ritluT in the elementary 
•1 III ^^\ v. oM«l»'^ Siu h films caii be easily converted 
inin iotliilr-i. 'inlphnh's. ami othor compounds, and thus 
in:i\ |u' ni.nlr lo mim' as nu>st valuable and characteristic 
ii'..|., Ww lilins air rt)mposod in the centre of a thick 
Inyn, whji h on all siilrs gradually boromes thinner until 
*l>c nu'iVHl lingo is reached; it is therefore necessary to 
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dtstinguish between "thick" and "thin" parts of the 
films. Both exhibit in their variation of thickness all 
the tints of color characteristic of the substance under 
different circumstances of division. One-tenlh up to one 
milligramme is in many cases sufficient for these reac- 
tions. Many surpass Marsh's arsenic test in delicacy 
and certainty, and approach in tlijs respect the spec- 
Irutn-analytical methods. 

The following films can be obtained : 
146, Metallic films are prepared by holding in one hand 
a particle of the substance on an asbestos thread in the 
upper reducing flame, which must not be too large, whilst 
with the other hand a glazed porcelain basin, one to two 
decimetres in diameter, filled with cold water, is held 
close above the asbestos thread in the up[ier reducing 
Qanie. The metals separate out as dead-black or bril- 
liant-black films of varying thicknes,s. Even Pb, Sn, 
Cd, and Zn yield in this way films of reduced metal, 
which by mere inspection cannot be distinguished 
from the soot separated out on the porcelain by a 
smoky flame. By means of a glass rod, these films can 
he touched with a drop of dilute HNO,, containing 
about 20 per ■ cent, of real acid ; and the various de- 
grees of solubility of the films serves as a distinguish- 
ing characteristic. 
Cadmium, 



Lead, 

Zinc, 

Indim 

Bismuth, 

Mercury, 

Thalhi 



The film dissolves quickly. 



^^Bb Mercury 
^■Thalhuu 

i. 
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Antimony, \ 

Arsenic, f ^ insoluble. 

Selenium, f 
Tellurium. ) 

147. Oxide films are obtained by holding the porcelain 
basin filled with waier in Ihe upper oxidising ftamt,'^ 
rest of the operation being the same as in the production 
of (he metallic films. If only a very small quantity (rf 
the sample can be employed, care must be taken to lessen 
the size of the flame, in order that the volatile products 
may not be spread over too large a surface of porcelain, 

The film of oxide is examined as follows: 

(u) The color of the thick and thin Aim is carefully 
observed. 

(y9) The reducing action or otherwise of a drop of 
stannous chloride is noted. 

(,f) If no reduction occurs, NaHO is added to the 
stannous chloride until the precipitated hydrate redis- 
solves, and then it is to be observed whether a reduc- 
tion occurs. 

(J) A drop of perfectly neutral silver-nitrate is rubbed 
over the film with a glass rod, and a current of ammoni- 
acal air is blown over the surface from a small wash-bot- 
tle containing ammonia solution, and having the mouth- 
tube dipping under the liquid and the exit-tube cut off 
close below the cork. If a precipitate is formed, the 
color is observed, and the solubility or alteration, if 
any, noticed, which occurs when the current of alkaline 
air is continued, or when a drop of ammonia liquor is 
added. 

148. Iodide films are simply obtained from the oxide 
films by breathing on the latter upon the cold basin, 
which is then placed upon the wide-mouthed, well-stop- 
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^ed glass (Fig 



m ducted 



mply 



_,. I •containing fuming hydriodic acid 
^d phosphorous acid derived Trom ihe gradual deliques- 
cence of phosphoric Iri-iodide. When the mixture no 
'onger fumes, owing to absorption of moisture, it is easy 
to render it again fuming by adding a little phosphoric 
^hydride. Other films, often containing both iodides 
of a metal, ami therefore freqiiendy less regular in color 
and appearance, may be easily obtained by smoking the 
oxide film with aflame of alcohol containing iodine in 
solution, placed upon a bundle of asbestos threads, and 
held under the basin. If any iodine be condensed on 
the basin with the HI, it can easily be removed by 
gentle warming and blowing. 

The examination of the film 
lows: 

(a) The solubility of the film 
by breathing upon it when 
the basin is cooled ; the color 
then either changes or entirely 
disappears, the film being dis- 
solved in the moisture of the 
breath. If the basin be gently I 
warmed, or if it be blown upon 
for some distance, the film again 

becomes visible by the evaporation of the moisture in the 
current of air. 

(fS) The ammonium compound of the iodide is formed 
by blowing ammoniacal air upon it, and noticing whether 
the color of the thick and thin films alters quickly, slowly, 
or not at all. The different colors reappear al once if the 
basin be held for a few moments over an open bottle con- 
taining fuming HCI. 

O) The iodide films generally give the same reactions 
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TABLE OF VOLATILE ELEMENTS WHICH CAN 



1 

1 

Tc' 

1 


i 

I 

i 

MKTAL FILM. 1 


1 

OXIDE FILM. 


OXIDB FILM 
WITH STAN- 
NOUS CHLO- 
BIDB. 


OXIDB FILM 
WITH STAN- 
NOUS CHLO- 

RIDB AND 

SODIUM HY- 

IWATB. 


OXIDB FILM 

WITH SILN'BR- 

NITRATB AND 

AMMONIA. 


Black : thin ' ,^^^^ 
part brown. , 


Black. 


Black. 


Ydlowish- 
wfaite. 


Sc 


1 
Cherry-red ; 
thin part 
brick-red. 


White. 


Brick-red. 


Black. 


White 


Sb 


HIack ; thin 
part brown. 


White. 


White. 


White. 


Black; insoluble 

in ammoiuuin 

hydrate. 


As 


IJlack ; thin 
part brown. 


White. 


White. 


White. 


liCinon-yellowor 
reddish-brown: 

solnble Inammo- 
nhim hydrate. 


Hi 


Hlack ; thin 
part brown. 


YellowLsh- 
white. 


White. 


Black. 


White. 


Hg 


dray non-co- 
herent thin 
fihu. 
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lilack ; thin 
part brown. 


White. 


White. 


White. 


White. 


PI) 


IMack ; thin 
part brown. 


Yellow-ochre 
color. 


White. 


White. 


White. 


C(I 


IJlack ; thin 
part brown. 


Hlackish- 

brown ; thin 

part while. 


White. 


White. 


White ; in the 

thin parts turns 

bluish-black. 


Zn 


Hlack ; thin 
part brown. 


White. 


White. 


White. 


White. 


Sn 


Hlack ; thin 
part brown. 


Yellowi.sh- 
white. 


White. 


White. 


White. 



VOLATILE ELEMENTS. 



BE REDUCED AS FILMS ON PORCELAIN. 
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as the oxide films with silver nitrate and ammonia^ with 
stannous chloride, and with caustic soda. 

149. The sulpllide filtn is most easily obtained fi-om the 
iodide film by blowing upon it a current of air saturated 
with ammonium sulphide, and removing the excess of sul- 
phide by gently warming the porcelain. It is advisable to 
breathe on the film from time to time whilst the current 
of sulphuretted air is being blown on the basin. The 
experiments to be made with this film are: 

(«) The solubility or otherwise in water is ascertained 
by breathing on it, or by addition of a drop of water. 
The suli)hides often possess the same color as the iodide 
films; they may, however, generally be distinguished by 
their insolubility on breathing. 

{(i) The solubility of the sulphide in ammonium sul- 
phide is ascertained by blowing or dropping. 

150. Films on test-tubes. Under certain circumstances 
it is advisable not to collect the film on porcelain, but 
upon the outside of a large test-tube (Fig. 35, D); this 
method is es])ccially used when it is needed to collect 
larger quantities of the reduction film for the purposes of 
fiirther examination. The fine asbestos thread with the 
sample of substance is held on the glass tube (Jf) before 
the lamp, so that it is placed at the height of the middle 
of the upper reducing flame, and the test-tube fixed so 
that the lowest point is just above the end of the asbestos 
thread. If the lamp be now pushed under the test-tube, 
the substance and the asbestos thread are in the reducing 
flame. By repeating this operation, the film can be ob- 
tained of any desired thickness; some pieces of marble 
are in this case placed in the test-tube, to prevent the 
water from being thrown out of the tube by percussive 
boiling. 
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THE REACTIONS OF THE ELEMENTS. 

The elements, which can easily be recognized by their 
flame reactions, are arranged in the following groups and 
sub-groups according to their behavior in the reducing 
and oxidizing flames: 

A. Elements whose compoands are reducible to metal 

and form a film on porcelain (sec page 143}: 

1. Films scarcely soluble in cold dilute nitric acid 

^^containing about 20 per cent, of acid) — tellu- 
rium, selenium, antimony, arsenic (pages 143— 
146). 
2. Films slowly and difficultly soluble io cold dilute 
nitric acid — bismulh, mercury, thallium (pages 
146-148). 
3. Films instantly soluble in cold dilute nitric acid — 
lead, Ciisiinium, zine, iiuiium (pages 148, 149). 

B. Elements whose compounds are reduced to metal, 
but form no film: 

1. Not fusibie to a metallic bead after reduction. 

a. Magnetic — iron, niekel,folialt(^ag^s 1^0, iji)- 

&. Non-magnetic — palladium, platinum, rhoiHum, 

iridium, osmium (pages 151, 153). 

2. Fusible to metallic beads — gold, silver, copper, til* 
(pages 153, 154). 

c. Elements most easily separated and recognized as 
compounds — Molybdenum, tungsten, tilanium, tantabim, 
niobium, chromium, vanadium, manganese, uranium, sil- 
icon, phosphorus, sulphur (pages 155-162). 

A. ELEMENTS WHOSE COMPOUNDS ARE REDUCIBLE 
TO METAL, FORMING A FILM UPON PORCELAIN. 
15L TeUniinm compounds. Flame-coloration, in upper 
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reducing flame, pale-blue, whilst the oxidizing flame above 
appears green. 

Volalilisathn, unaccompanied by any odor. 

Reduction film, black, with dark-brown coating, dull or 
brilliant; heated with concentrated sulphuric acid, gives 
a carmine- red solution. 

Oxide film, white, scarcely or not at all visible; stan- 
nous chloride colors it black, by reason of separated tel- 
lurium ; silver nitrate, after ammonia has been blown upon 
it, yellowish-white. 

Iodide film, dark-brown, with brown coating; disap- 
pears momentarily when breathed upon, bui not when 
slightly warmed; reappears on exposure to HC! ; black- 
ened by SnCl,. 

Sulphide film I dark-brown lo black; does not disap- 
pear when breathed upon; dissolves in NH^HS blown 
upon il, and reappears upon warming or if blown upon 
with air. 

_^ h en chareaal s/i/iiihr gives a sodium tel- 

yfi»&, which, when moistened uf>on a silver coin, 
jBrfuCes a black spot; and if the specimen contains 
.feldn tellurium, with HCI, dilTuses an odor of hy- 
Vgen leiKiride with ihe separation of black tellu- 

'152. Selenium COmpoimdB, Flame-colorntion, pure azure- 
e. 

T»iaiilises, burning with the odor of selenium. 
Reduction films, brick-red to cherry-red ; at one lime 
{|, at another brilliant; gives, when heated with con- 
Btlated H,SO„ a dirty-green solution. 
'Oxide film, white; brick-red from separated selenium 
o SnCI, is dropped upon it ; the old color darkened 
"aHO; with AgNO^ the oxide film gives a whitt 
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scarcely visible, coloration, which disappears when a 
mania is blown upon it. 

/(i(tf</c_/f/OT, brown ; contains some reduced seleniuiu, and 
Ihert-fore cannot be made tu disappear completely, either 
by breathing upon it or by blowing ammonia upon it. 

Sulphide film, yellow to orange-red ; Lisoluble in water, 
soluble in NH.HS. 

With si'i/a on charcoal splinter gives sodium selenide, 
which produces, with a drop of water, a black spot upon 
a silver coin, and moistened with HCl, if the quantity is 
not too small, gives the odor of hydrogen selenide, with 
separation of red selenium. 

153. Antimony compounds. Flame-cohration, by treat- 
ment in ihe upper reducing flame, pale-greenj unaccom- 
panied by any smell. 

Reduction film, black; sometimes dead, sometimes 
bright. 

Oxide film, white; moistened with a perfectly neutral 
solution of AgNO,, and then blown on by ammoniacal 
air it gives a black spot which does not disappear in 
NH.HO. If the film be first placed over bromine vapor 
the reaction cannot be obtained, owing to the oxidation 
of Sb,0, into Sb,0^, It is unaltered by SnCl,, either with 
or without NaHO, 

Iodide film, orange-red, disappearing by breathing, and 
reappearing by blowing or warming; blown on with am- 
moniacal air it disappears, but does not return. Gener- 
ally it gives the same reactions as the oxide. 

Sulphide film, orange-red. The film is difiicnlt to blow 
away with NH.HS; returns on blowing with air; insolu- 
ble in water. 
With seda on charcoal splinter gives no black stain on 
sr, but yields a white, brittle, metallic bead. 
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154. Araenlc compoimilB. Flame-coloraiion, in uppef re- 
ducing flame, pa)e-blue, giving the well-known arsenical 
smell. 

Reduction film, black, dead, or brilliant; thin film 
brown. 

Oxide film, while; touched with a perfectly neutral so- 
lution of AgNO,, and then blown with ammoniacal air 
it gives a canary-yellow precipitate, soluble in NH,HO. 
Together with this yellow precipitate, a brick-red one of 
silver arsenite occurs when the film has previously been 
treated with bromine vapor. SnCl^ with and without 
soda, produces no change. 

Iodide film is deep-yellow; disappears on breathing, 
but returns on drying; disappears in ammoniacal air, 
and does not return ; reappears unaltered after the action 
of HCl, 

Sulphide film, lemon-yeiiow ; disappearseasily on blow- 
ing with NHjHS, and reappears on warming or blowing; 
insoluble in H^O, and does not disappear by blowing 
upon it. 

Meduelion on charcoal splinter yields no metallic bead. 

155. Bismuth compounds. Reduction film^ black, dead, 
or brilliant; thin portion of film, brownish -black. 

Oxide fi/m, light-yellow ; unaltered by AgNOj, with or 
without ammonia; gives no reaction with SnCl,, but yields 
black precipitate of BiHO^ on addition of NaHO. 

Iodide film is very characteristic, and remarkable for 
the number of tints which it assumes. The thick part is 
of a brown or blackish-brown color, with a shade of lav- 
ender-blue; the thin film varies from flesh-color to light- 
pink; it easily disappears on breathing, and appears again 
on blowing. In a stream of ammoniacal air it passes from 
pink to orange, and on blowing or warming it again, at- 
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; the thin parts 
at disapjiear on 



luth compounds ' 
when rubbed i: 
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tains a chestnut-brown color; it resembles the oxide film 
in its behavior with SnCI, and NaHO. 
Sulphide film is of a burnt-umber co 
are of a lighter coffee-brown color; doe 
blowing, and is not soluble in NH.HS. 
On charcoal splinter with soda the bi 
are reduced to a metallic bead, yieldin( 
the morlar, bright, shining, yellowish splinters of metal 
soluble in HNO,. The solution gives, with SnCI. 
NaHO, black BiHO,. 

156. Mercury compounds, Metallic film is mouse-grajr, 
non-coherent, and spreads over the whole basin. To 
obtnin small traces of Hg in the reduced 
pie is mixed with soda and KNO^ and filled into a thin 
test-tube five to six millims. wide and ten to twenty mil- 
linis. long. This is held by a platinum wire in the flame, 
■whilst the bottom of the basin, filled with cold water, is 
placed close above the ojwnend of the tube. Ifthequan- 
tity of Hg is considerable, it collects in the form of glob- 
ules, which can be seen with a lens, and which can be 
collected into larger drops by wiping the basin with a. 
—piece of moistened filter-paper. 

Iodide film is obtained by breathing on the metallic 

Lnd then placing it over the vessel (Fig. 39, page 

ig) containing moist Br. It first becomes black, and 

1 disappears, but not until after some time; HgBr is 

^rmed. If the basin be now placed above the vessel of 

roing HI, a very characteristic carmine-colored film of 

HgJ is produced ; this is often accompanied by Hgl, but 

neither of these disappear when breathed upon or whea 

blown upon with ammoniacal air. 

^^ Sulphide film, black; not altered by breathing or by 

^BUnwiDg with NH.HS. 
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157. ThaUlum COmponmlB. Since the minutest 
this element can Ll- recognized by means of the spectro- 
scope, it will seldom be detected in any other way. 

Flame coloration, bright grass-green. 

Metallic film, black, with coffee-brown coaling. 

Oxide film, colorless; unchanged by SnCl, or NaHO; 
also with AgNO, with or without NH.HO. 

lottitk film, lemon-yellow; insoluble in NH.HO. 

Sulphide film, obtained from the oxide film, black, willi 
livid coating; insoluble In NH.HS. 

On charcoal with soda, reducible to a white ductile 
grain. 

158. Lead COmponnda. Flame-coloration, paie-blue. 
Reduction film, black, dead, or brilliant. 

Oxide film, bright yellow-ochre colored ; stannous chlo- 
ride gives no reaction even on addition of NaHO; AgNO, 
does not produce any reaction, either alone or on addilio" 
of NH.HO. 

Iodide film, orange- to lemon-yellow; insoluble on 
breathing or on moistening; disappears on blowing with 
atnmoniacal air, and again appears on warming. 

Sulphide film, bruwnish-red to black ; by blowin 
moistening with NH,HS it remains unaltered. 

On charcoal splinter with soda gives a gray, very 
ductile metallic bead, which is slowly but completely 
uble in HNO,, yielding a white, easily-crystallizable salli 
soluble in H,0, and precipitated as a white powder on 
addition of HSO, from a capillary tube. 

158. Cadmium compounds. Afetallic film, black, 
thin parts, brown. 

Oxide film, brownish -black, shading off through bi 
to a white invisible film of oxide, which is not chai 
by SnCI„ alone or with soda; AgNO^ produces a 
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»h-blue coloration of reduced metal, which is very cha- 
racteristic, and does not disappear on addition of NH,HO. 

Iodide film, white; no change produced by NH,HO. 

Sulphide film, lemon-yellow; insoluble in NH.HO. 

Reduction on charcoal splinter ■with soda. The metal, 
owing to its volatility, can be obtained only with diffi- 
culty as a silver-white, ductile bead. 

160. Zinc compounds. Reduction film, black; in the 
thin parts, brown. 

Oxide film, white, and therefore invisible. To test it, 
a square centimetre of filter-paper, moistened with HNO,, 
is rubbed over the surface, and then rolled up on two 
rings on fine platinum wire, three millimetres in diam- 
eter, and burnt. If the paper is burnt in the upper ox- 
idizing flame at as low a temperature as possible, the ash 
forms a small solid mass about a square millimetre in 
area, which can be ignited without fusion, and becomes 
yellow on gently heating, and appearing white on cool- 
ing. If this be moistened with a few milligrammes of 
very dilute cobalt solution and ignited, it appears of a 
beautiful green color on cooling; the same reaction can 
be effected with the metallic film. 

iodide film, white ; not clearly recognizable either 
alone or after ammonia has been blown u[X)n il. 

Sulphide film, also white, and not easily recognized 
either alone or when moistened with NH.HS. 

Reduction on charcoal splinter does not proceed on ac- 
count of volatility of the zinc. 

161. Indium compounds. Detected with most ease and 
certainty with the spectroscope. 

Flame-coloration, intense; pure indigo-blue. 
Metallic film, black, with brown coating; at one time 
dull, at another brilliant. Disappears instantly with HnOj. 
18 • 
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Oxide film, yeliowish-while; scarcely visible; give no 
reactions wilh SnCI, and AgNO, solution. 

lodidt film, also yellowish, nearly while; invisible, if 
weak, with and without nmmonia. 

Sulphide film, also yellowish; nearly white, scarcely- 
visible. Unchanged by NH,HS. 

KeducHoa on charcoal splinter with soda takes place 
with difEciilty, and affords siiver-white, ductile globules, 
slowly soluble in HCl. 

B. ELEMENTS WHOSE COMPOUNDS ARE REDDCED 
TO THE METALLIC STATE, BUT FORM NO FILM. 
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a. Magnetic metals. 

162. Iron compounds. Reduction on charcoal splinter 
gives no metallic bead or ductile lustrous particles; the 
finely-divided metal forms a black brush on the epd of 
the magnetized knife-blade; this, when rubbed off on 
paper and dissolved in a drop of aqua regia, yields a 
yellow spot when warmed over the flame, which, when 
moistened with potassium ferrocyanide, gives a deep col- 
oration of Prussian blue. The yellow spot, moistened 
with NaHO, and then held for a few moments in a ves- 
sel with bromine vapor, gives, on a second addition of 
soda, no coloration of a higher oxide. 

Borax bead. In the oxidizing flame, when hot, yellow 
to brownish-red; when cold, yellow to brownish-yellow; 
reducing flame, bottle-green. 

163. Nickel compounds. Reduction en the charcoal splin- 
ter. On pulverizing the charcoal, white, lustrous, ductile, 
metallic particles are obtained, forming a brush on the 
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magnetized blade. The melal, dissolved in HNO^ on 
paper, gives a green solution, which, on moistening with 
soda, exposure to bromine vapor, and second addition of 
soda, give a brown ish-biack spot of Ni,0,. The ash of 
the paper, from which the soda has been washed out, can 
be used for the borax-bead test. 

£orax bead. Oxidizing flame, grayish-brown or dirty- 
violet. Upper reducing flame, gray, from reduced Ni, 
which often collects to a spongy mass of metal, rendering 
the bead colorless. 

184. Cobalt compounds. Reduction on charcoal spHnler, 
By pulverizing the charcoal, white, ductile, lustrous, me- 
tallic particles are obtained, which form a brush on the 
magnetic blade. The metal, rubbed off on to paper, gives 
a red solution when moistened with HNO,; this yields a 
green color on addition of HCl and.dryiog, which dis- 
appears again on moistening. The paper, moistened with 
soda, brought into bromine vapor, and again moistened 
withsoda,yieldsa brownish-black spot of Co,0 3. This reac- 
tion is plainly seen with a few tenths of a milligramme of 
metal. The paper can also be used, after washing out the 
soda and burning, for the coloration of the borax bead. 

Borax bead. Deep-blue bead in the oxidizing flame, 
which does not change in the lower reducing flame. 
When treated for a considerable time alone, or, better 
still, with ammonium platin-chloride, in the most ener- 
getic upper reducing flame, is completely decolorized, 
but only after long treatment, with the separation of 
cobalt or plat in-cobalt. 

b. Non-ma^etic metaJe. 

165. Palladinin compoimda. These are reduced upon 
fine plalinum wire, willi soda, in the upper oxidizing 
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(rtllli: inilfN, The stales, rinsed a 
||I«M |ilatr, (hwdlve in MNOj, wilh recidisb4woini color. 

If a ■mjill ilroji of a soliilion of mercuric cyanide b 
li'tclcil to the liiiiiid, awhile flocculeni precipitale is ob- 
tiilnuil. whii'h ditwolves in NH.HO when dropped upon 
|[, Allcr evoporation and boiling wiih aqua regia, the 
llqiitil, cvuiioraieii lo a small drop, gives a dirtj orange- 
yelluw. cryntallinc precipitate of palladium ammonio- 
i:hlurldc. 

Hiihill<in of pnlladium is colored blue, green, and 
hmwii liy SnC'l,, acrording to the amount used. 

mit, Pitttlnum OOmpOimdB, These give, when ignited 
t4/'i'ti /•liUiHH'H wire with s<i(/a in the upper oxidizing 
fliimu, iil»u u ({ray spongy mass, which, by rubbing in 
nil a||nlii niortnr, in converted into shining, silver-white, 
iliiilllf, nu'liillit scales. These are insoluble either in 
MNn.tir lH;i done, but with aqua regia give a bright- 
yellow miliilion if the platinum is pure; if it contains 
rhiidliiin, iridium, or palladium, they give a brownisli- 
yt'lliiw ■nliilinn. When solution of mercuric cyanide is 
nddcd to the milutiun [iud ummonia blown upon it, no 
Itrjci ulcMt white precipitate is formed, but immediately a 
bfljtht-yclhiw rryntaitinc precipitate of ammonium platln- 
chlorliltr. 

Slid, colon unlutions of platinum yellowish-brown. 

1(17. Iridium oompounds. These, ignited in the upper 
(ixiitiiiing lliime with soda, are likewise reduced to metal, 
which, when rubbed in an agate mortar, forms a gray 
powder without lustre, and not in lln; least degree due- 
tile. This is insoluble in nitric acid, hydrochloric acid, 
ajld aqua regia. 
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1168. Rliodinra compounds. These are only distinguished 
from the iridium rumpounds by the fact that the metallic 
[jowder, insolubk- in aqua regia, when fused with acid 
potassium sulphate, is partially oxidized, and affords a 
rosie-red solution. 

169. Osraium COmpoimds. These give in the oxidizing 
flame volatile osmium tetroxide of a pungent odor, sim- 
ilar to chlorine, and which irritates the eyes. 



170. Gold eoraponnds. if only traces of gold are pres- 
ent, mixed with a considerable quantity of gaiigue, it 
can only be concentrated and detected according to the 
old processes for delecting gold. Otherwise even a few 
tenths of a milligramme can be recognized by reduction 
with soda on a charcoal splinter. The yellow, shining, 
ductile, metallic grain obtained in 
duced to spangles having the histr 
in an agate mortar. These are 
HNOj, but give rather readily, 
bright-yellow solution. If this i' 
piece of filter-paper and touched ^ 
Cassius is formed. What remains u[>on the glass is col- 
ored brown by a solution of FeSO,, by reason of sep- 
arated gold, whilst the liquid appears blue by transmit- 
ted light. 

171. Silver eompotmds. If silver occurs only in traces 
in slags or complex ores, it can only be detected by the 
well-known method of cupellation. If, however, the sil- 
ver compound is not mixed with a very large amount of 
foreign matter, it can be detected in very minute quanti- 
ties by reduction with soda on the charcoal splinter. The 
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white ductile beads dissolve easily on warming in dilute 
HNO„ and yield AgCl with HCl, which can then readily 
be recognized by its behavior with HNO, and NH^HO. 
Less than one-tenth of a milligramme of silver can thus 
be easily detected with certainty. 

172. Copper compounds. On tke charcoal splinter with 
soda the copper compounds yield a ductile, lustrous metal- 
lic bead, easily recognizable by its red copper-color. By 
rubbing in the mortar, flat metallic particles are obtained, 
which can be readily washed, and are easily soluble in 
HNO,. The blue solution, absorbed on filler-paper, 
yields a brown stain on addition of potassium ferrocy- 
anide. Instead of acting upon a metal in a curved 
glass, it may be dissolved by moistening paper upon 
which it is placed wiih HNO,. 

With borax on platinum wire. Blue bead, not altered 
lo cuprous oxide when heated in the lower reducing flame 
alone, but on addition of very little tin oxide, forms a red- 
dish-brown bead. If this bead be frequently oxidized and 
reduced in the flame, a rnby-red transparent bead is ob- 
tained ; this occurs most readily when the bead is allowed 
to oxidize very slowly. 

173, Tin compounds. On the charcoal splinter the Sn 
compounds are easily reduced to white, lustrous, ductile, 
metallic beads. The flattened particles, transferred to the 
curved glass, slowly dissolve in HCl; and the solution, 
when absorbed by paper, gives a red precipitate with 

nious, and a black precipitate with tellurous acid, dis- 
solved in HCl. If to the solution a trace of bismuth* 
nitrate be added, an excess of soda gives a black precip- 
itate of Bi,0,. The metal, acted on by HNO^, yields a 
white powder of insoluble metastannic acid. 
A borax bead, containing enough CuO to render it 
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faintly blue, serves as a delicate test to ascertain with 
certainty ihe presence of a trace of a Sn compound, as 
the bead, placed in the lower reducing (lame, turns red- 
dish-brown or forms a ck^r ruby-red glass. I 

C. ELEMENTS MOST EASILY DETECTED BY THE I 

» REACTIONS OP THEIR COMPOUNDS. , 

a. Metallic substances. 

174 Molybdemmi compounds. On a charcoal splinter \ 
with soda are reduced, with great difficulty, to a gray 
powder. In the same way some compounds give in the 
upper reducing flame a fdm on porcelain, which it is . 
difficult lo obtain. Molybdenum is best recognized as 
follows : 

a. The sample is finely pulverized with the knife on 
the porcelain plate, is mixed on the hand with soda, ob- 
tains a pasty state by fusion. The mixture is then trans- 
ferred to a spiral of fine platinum wire and fused in the 
flame. The liquid fused mass is then knocked off the 
wire and allowed to fall upon the plate, when it is di- 
gested with two or three drops of water, and the clear 
liquid above the .sediment is soaked up into three or 
four strips of filter-paper, not too fine, several millime- 
tres broad. One of these strips, moistened with HCl, 
does not change color, but with a drop of potassium fer- 
rocyanide is changed to reddish-brown. 

If one of these strips is gradually moistened with a few ' 
milligrammes of SnCI„ it either becomes blue in the cold 
or upon warming; if it becomes yellow or yellowish- 
brown, more of the solution of the test specimen must | 
be added by means of a capillary pipette, in order 
cause the blue color to appear. 



SPECIAL KEACTIOXS. 157 

in the lower reducing flame, a gray mass is formed, which 

dissolves on heating in HCI, yielding a pale amethystine- 
colored solution. 

177, 178. Tantalnm and niobinm eompouada. These 
manifest the same reactions as titanium. 

179. Ghromiiiin eompoimds. In platinum spiral with 
soda, the compounds when fluxed, with the repeated ad- 
dition of potassium nitrate, give a bright-ye!!ow mass, 
which, when knocked off on to the porcelain plate and 
crushed, give a bright-yellow solution. If this solution 
is decanted from the residue, and acetic acid added, it 
becomes yellowish-red, and gives with lead salts, when it 
is soaked up by strips of filter-paper, a yellow precipitate ; 
with solutions of salts of mercury oxide, a red one; and 
with AgNOj, a reddish-brown one. 

With NH,S, also by evaporation with aqua regia upon 
the porcelain plate, the solution becomes green; likewise 
with SnCl;,. The borax bead becomes emerald-green in 
the oxidizing flame, and does not change this color in the 
reducing flame. 

180. VaUEidioni componnds. Treated with soda and po- 
tassium nitrate in a platitmm spiral, yield a bright-yellow 
mass, the solution of which, on addition of AgNO^ and 
acetic acid, yields a yellow precipitate. The fused mass, 
when evaporated with aqua regia, gives a yellow instead 
of a green solution, which becomes blue on addition of 
SnCI,. If much vanadium is present, the solution gives 
a yellowish-brown solution or precipitate on addition of 
concentrated cold HCI. In the borax bead these com- 
pounds give a yellowish-green color in the oxidizing 
flame; in the reducing flame, a green color. 

181. Manganese compounds. Borax bead. Amethyst in 
the oxidizing flame; colorless in the reducing flame. 
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With sodium carbonate on platinum wire, a bead is 
formed green after cooling, especially easily afier addi- 
tion of potassium iiiirale. Waler extracts a green solu- 
tion from it, which becomes red after ihe addition of 
acetic acid, and then, oflen with the separation of brown 
flakes, becomes colorless. 

182. Uranim compoimda give a yellow bead in the ox- 
idizing flame, which becomes green in ihe reducing flame, 
especially on addiiion of SnCl,. These colors closely re- 
semble those of Ihe iron compounds, but may easily be dis- 
tinguished, at least if no other coloring metallic oxide is 
present, by the fact that the uranium bead, when incan- 
descent, emits a bluish-green light, analogous to that 
which (he uranium compounds exhibit when fluorescing. 
Beads of lead oxide, stannic acid, and a few other sub- 
stances exhibit a similar phenomenon when incandes- 
cent, but they do not yield, like uranium compounds, a 
colored bead on cooling. 

Heated gently on Ihe platinum spiral with HKSO,, the 
insoluble uranium compouuds can be decomposed. The 
melted mass is powdered wiih a few particles of crystallized 
sodium carbonate, and the moistened mass is absorbed by 
filtering paper. A brown spot is formed by the addition of 
a drop of potassium ferrocyanide to the moistened paper. 

b. Nou-metallic substances. 

183, Silicon compounds. The silicates, when treated in 
the oxidizing flame with sodium carbonate, dissolve more 
or less with efl'ervescence. The hot fused, when mois- 
tened with SnCI, and thoroughly ignited, does not give a 
trace of a blue coloration when evaporated upon the por- 

L celain plate, whereby the silica may be distinguished from 
nic, taniaiic, and niobic acids. It likewise fails to give 
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The blood-red coloration in a bead with iron sesquiox- 
iile, produced by these acids. The fluxed mass, if water 
and acetic acid are carefully added, and then evaporated 
ou the porcelain plate, separates gelatinous hydrated sil- 
ica. Fine splinters of silicate give, upon fusing in the 
bead of salt of phosphorus, a gelatinous skeleton of silica, 
floating in the fused or cooled bead. 

184. Phospftorus COmpoiUlds. These may easily be de- 
tected in its compounds, even when they are mixed with 
large quantities of other substances, as follows: 

The sample, having been ignited, is rubbed fine on the 
porcelain plate (see Fig. 38), and is then introduced into 
a small glass tube of the thickness of a straw; into this 
tube, which is closed at the bottom, a piece of magne- 
sium wire, about one-fourth of an inch in length, is placed 
so that it is covered by the powder. On heating the ttibe, 
magnesium phosphide is formed with incandescence. The 
black contents of the tube powdered on the plale give, on 
moistening with H,0, the highly-characteristic smell of 
H,P. A piece of sodium may be substituted for the mag- 



If it has been ascertained that the sample does not yield 
any film on porcelain in the upper oxidizing flame, the 
phosphates may be recognized by heating on platinum 
with borax and a thin piece of iron wire in the hottest 
part of the reducing flame, when a bright molten bead of 
iron phosphide is obtained, which can be extracted with the 
magnetized knife on crushing the bead under paper. 

185. Sulphur compounds. On a charcoal splinter with 
soda, in the lower reducing flame, they give a fused 
mass, which, moistened upon a piece of silver, black- 
ens it. Since selenium and tellurium produce the same 
reaction, the absence of these substances must be deter- 
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mined by the absence of a tellurium or selenium spot 
upon porcelain. 

When only metallic sulphides are to be considered, and 
not sulphates, it will answer simply to heat the test speci- 
men in the flame to detect sulphur by the odor. 

EXAMPLES SHOWING THE APPLICATION OP THE 
FOREGOING METHODS. 

186, a. A mixture of aulpliide of arseBic, sulphide of 
antimoiiy. and sulpMde of tin. If in a mixture of these 
three sulphides, containing only truces of Sb and Sn, Ihey 
are separated according to the ordinary rules of qualitative 
analysis, by dissolving in alkaline sulphides and repre- 
cipitation with acids, the detection of these two metals by 
ihe regular tests is extremely uncertain and troublesome. 
According to the following method the detection of these 
metals is rendered easy and certain when the proportion 
of Sn is only a few thousandths, and that of the Sb only 
a few hundredths, of the total weight of the mixture. 

Three decigrammes of the sulphides are roasted on a 
curved piece of glass* small enough to be altogether sur- 
rounded by the flame, and the residue, weighing only a 
few milligrammes, is scraped together with the knife, 
The moistened mass is then collected on the end of i 
thread of asbestos and a strong metallic film obtained on 
the test-tube. In order to prevent Ihe deposition of any 
carbon with the metals, which would act injuriously in 
the subsequent operations, the up])er reducing flame is 
made so small that the luminous point is only Just vis- 
ible. The film is next dissolved in a drop or two of 
HNOj in the curved rim (Fig. 38, page 134), and the 
solution evaporated below its boiling-point by gently 

* pieces uf a Ihin chemical Qask are also best fui use in Ibis wc> 
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ind blowing, so as to obtain the solid residue 
in as small a space as possible. A drop of neutral silver 
solution is now brought on to the residue at the moment 
when it becomes solid; and on blowing with ammoniacal 
air a characteristic black stain is formed, whilst the reac- 
tion of As is also generally noticed. 

In order to detect Sn, a few scarcely visible particles of 
the roasteil sulphides are fused on to a borax bead which 
has been very slightly tinted with cupric oxide. If the 
bead is now brought into the lower reducing flame, It be- 
comes a ruby-red color from reduced cuprous oxide. If 
the oxide be present in too large a quantity, the bead can 
be obtained transparent by the process described under 
the reactions of the copper compounds. This reaction 
can only be obtained in the lower reducing flame of the 
non-luminous gas-lamp, as in the ordinary blowpipe flame 
the cupric oxide is reduced lo cuprous oxide without the 
presence of tin-salt. 

187. I'- Black tellnrinm, containing teUnrium, sele- 
nimn, antimony, gold, lead, and sulphur, After the sul- 
phur has been detected by the smell Liy roasting, the 
metallic film is obtained on a test-tube, which is then 
placed inside a wider and shorter tube containing a few 
drops of comentrated sulphuric acid, so that the metallic 
film is surrounded by the acid. If the temperature be 
now gradually raised the presence of tellurium is at once 
ascertained by the formation of a bright carmine color. 
If the temperature be stil! further raised, ihe tellurium 
oxidizes and the olive-green color of selenium becomes 
visible; the cooled solution, on dilution with water, then 
no longer exhibits the black precipitate of tellurium, but 
is coloreii yeilowish-red with the selenium. If this is pres- 
ent in small traces only, it can be best detected by looking 
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down the length of the lest-Ribe upon a sheet of while I 
lia])er. As common commercial H^O, often contains 
traces of selenium, it is well to make a trial experiment I 
first. The antimony is detected as in preceding example. 
To delect the lead and gold, a sample is reduced on the 
charcoal splinter, the beads of the alloy are washed into 
a curved glass, and the flattened and dried metallic par- 
ticles treated with rather strong HNO, as long as any- 
thing dissolves. l"lie acid is then evaporated off, and 
the soluble portion of the residue dissolved in a drop or 
two of water. The solutimi is brouglit on to a second 
curved glass by means of a capillary pipette, and the 
characteristic precipitate of lead sulphate obtained with 
H,SO,. The gold left undissolved as a brown pow- 
der is completely washed by frequent addition of water 
and removal of the same with the capillary pipette. A 
portion of the dried panicles of gold fused on a charcoal 
splinter with soda yields in the mortar bright- yellow, 
golden particles, which may be dissolved in aqua regia 
and tested with SnCl,. A centigramme of the sample is 
sufficient in experienced hands for all these reactions. 

SPECTRUM ANALYSIS, 
188. The second meiliod — that of spectrum analysis, 
discovered by Kirchhoff and Biinsen — consists in let- 
ting the rays of the colored flame, after passing through 
a narrow slit, traverse a prism, and in observing the spec- 
trum thus produced by means of a telescope. Each of 
the metals which give color to the flame thus yields a 
peculiar spectrum, formed in some cases, as in that of 
barium, of many contiguous colored lines; in others, of 
two more distant lines of different color, as shown by lith- 
ium ; or, again, of a single line, as in case of sodium and 
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thallium. These spectra are characteristic in two respects 
— viz. I, in the definite color of the spectrum lines; and 
2, in (he invariable relative position they occupy. 

The last-named fact enables us to detect, without diffi- 
culty in most cases, all the spectrum-giving ingredients of 
a mixture. Thus, when potassium, sodium, and lithium- 
salts are brought together into the spectroscope, the lines 
characteristic of each metal appear in the utmost piirily at 
one view. Very minute traces of some elements do not 
however, exhibit their spectra in presence of large quan- 
tities of other substances. 

The methods of obtaining the spectra of the elements 
or their compounds vary according to their volatility. 
The instrument or spectroscope used varies according to 
the degree of accuracy which the observations require. 
The direct-vision pocket spectroscope may be used for 
most blowpipe investigations. Althoogh it has no scale, 
the relative positions of the various lines can be easily 
determined from the table, 

A much more powerful and perfect spectroscope, ex- 
clusive of the source of light, is composed of an adjust- 
able slit, a contrivance (collimating lens) for rendering 
the rays parallel that have passed through the slit, and a 
prism. All light except that under examination must be 
excluded from the prism, and therefore tbe slit, prism, 
and lenses are enclosed in a tube, or, if the prism be too 
large, the latter is fitted with a separate cover. As the 
spectrum on emerging from the prism is but little longer 
than the width of the slit, and only becomes of some 
length as the distance from the prism increases, a raag- 
nifying-glass is introduced, in order that the eye, though 
at but a small distance from the prism, may see the spec- 
trum of a sufficiently large size, and the spectrum, there- 
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fore, is not observed with the naked eye, but through 
medium of a lelescoiie of moderate power. This tele- 
scope is also necessary for enabling the eje to receive 
the whole of the light passing from the collimating lens 
through the prisms. 

In oriler lo know the exact position of the lines anollie' 
tube is added, in the end of which is placed a scale pho- 
tographed on glass, and which is so reflected that the olv 
server sees the scale and spectrum at the same time. 

A smalt glass prism may also bt attached to the end of 
the tube through which the colored flame is admitted, so 
that the spectra of two flames may be examined and com- 
pared at the same time. 

Not only the number of Che apectnjm lines of a sub- 
stance, but also the degree of their intensity, is deserving 
of careful attention. As the brilliancy of the lines in- 
creases with the temperature, so, as a rule, it is those 
lines which are particularly prominent at a high degree 
of temperature that are the first to appear at a low tem- 
perature. These are best suited for the recognition of a 
stance, and are therefore called charaeteriiiic lines. 
Such' lines, according to their brightness, are designated 
n each substance by the letters of the Greek alphabet, », 
\ y, 3, etc., being affixed to the symbol of the element 

The table at the beginning of the book exhibits the 
spectra of some of the more commonly occurring and 

sily recognized elements. 

189. Potassltun. All the volatile com|X)unds of polas- 

im, when placed in [he flame, give a widely-extended, 
continuous spectrum, which consists of two thief lines; 

e line Kn, situated in the outermost red, and a second 
line, K^, situated far in the violet ra>-s toward tlie other 
end of the spectrum. 
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When vapor of potassium is beated in the electric spark, 
several otiier lines make their appearance. Before testing 
potassium silicates they should be ignited with sodium car- 
bonate, as it does not interfere with the reaction. Ortho- 
clase, sanidin, and adularia may be easily distinguished 
from albite, oligoclase, anorthite, and labradorite. If 
only a trace of potash is present, the silicate should be 
heated with ammonium fluoride in a platinum dish, and 
the residue placed in a flarae with a platinum wire. 

190. Sodlnin. The yellow line, Naa, is the only one 
which appears in the sodium spectrum as seen in the 
flame with the ordinary spectroscope. With powerful 
instruments it is seen to be double. The line a is re- 
markable for its definite form and brightness, and is pro- 
duced by all the natural compounds of sodium. 

191. Lithium. The salts of this metal give a bright 
line in the red, Lio, and another much less distinct in 
the orange, Li,?. With high heat and strong prisms a 
blue line also appears. All lithium compounds give the 
reaction, and often only require to be held in the flame, 
as lepidolite, petalite, etc. If the amount is very small 
in the silicate, it should be digested and evaporated 
with ammonium fluoride, a little sulphuric acid added, 
again evaporated, and the residue treated with alcohol. 
The solution in alcohol is evaporated to dryness, the 
mass again treated with alcohol, and the liquid dried in 
a glass capsule. The cnist formed can be placed in the 
flame with a platinum wire. 

192. Strontium. The s[>ectra of the alkaline earths are 
more complex than those of the alkalies. Strontium gives 
eight very distinct lines — six red, one orange, one blue. 
The orange line, Sm, close to the sodium line, the two 
ted lines, Sr(! and ■/, and the blue line, Sr3, are. the most 
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important. The chloride gives the best reaction, wWle 
the nonvolatile compounds give none. The sulphate 
miutt t>e reduced to sulphide by holding the bead in the 
reducing flame, and the silicates must be fused with so- 
dium carbonate, powdered, and washed with water by 
decnntaiion, The insoluble carbonate thus obtained is 
inoimcned with hydrochloric acid, and will then give a 
iliittinct reaction. The strontium lines do not inierfefe 
with the iiiilicntJons of the alkalies. 

IVS. Oalclum. The spectrum of this metal is easily 
diminniiishcii Irom all the foregoing by the green line, 
Cui'i, und by ihc orange. Can, A feeble line is also seen 
in the violet with a powerful instrument, and other lines 
with increased heat, The chloride gives the best reac- 
\Uin. The non-volatile compounds must be decomposed 
by hydrochloric acid and the silicates by ammonium flu- 
oride, The comiKisition of calcareous rocks and minerals 
in caHlly found. 

194. BarltUB. The complicated spectrum of this metal 
In (liNllutfuinhed by its green bands, of which Baa and ^ 
ore the uioiit import.int. The haloid salts and more com- 
mon nnturnl compounds are recognized by holding ihem 
In the tlume. The silicates must first be treated with hy- 
drochloric acid or fused with sodium carbonate, and then 
dlHHolved In acid. If barium and strontium occur in small 
quontilicH with calcium, the carbonates obtained by fusion 
Are diiwolvcd in nitric acid and the dried salt exhausted 
with alcohol. The residue contains only barium and 
Blrontium, wliiih can generally be delected. 

195. Rubidium. The continuous spectrum is not so 
extended as tliat of potassium. The a and fl are most 
brilliant and best suited for the recognition of the metal. 
The lines i and y are less intense, but still very character- 
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istic. These lines, and even others, appear with not only 
the volatile chloride, nitrate, etc., but even with the sil- 
icates. 

196. Cfflsinni. The spectrum is characterized by two 
lines, Cs« and Cs|5, both brilliant and well defined. The 
absence of any line in the red distinguishes this from the 
two previous spectra. With an inlense lighl, yellow and 
green lines may be seen in the continuous parts of the 
speclrum. Rubidium and caisiutn can be easily separated 
from lithium and sodium by means of [ilatinic chloride, 
but polassiiim is precipitated with them, and must be 
removed by repeated boiling with water before the pres- 
ence of these two elements can be proved by spectrutn 

197. ThaUimn. The compounds of this metal give a 
spectrum with a single intense green line, T]«, which 
almost coincides wilh the i line of barium. Mere traces 
of thallium in pyrites may be easily delected by simply 
heating them in the edge of the flame. 

198. Indiam. The spectrum is characterized by two 
lines, Iii« in the indigo, and InyS in the violet. The for- 
mer is far the most intense, and sufficient for the detec- 
tion of the metal. To show its presence in sphalerite 
(zinc blende), the mineral is roasted, deconi|Josed by hy- 
drochloric acid, and the solution diluted and saturated 
with ammonium hydrate. The precipitate containing the 
indium oxide is dried, and a small portion of it moistened 
with hydrochloric acid and placed in the flame with pla- 

■ tinum wire. The presence of indium will be indicated by 
the blue line o. 

199. It is not only those bodies which have the power 
of giving color to the flame which yield characteristic 
spectra, for this property belongs to all elementary sub- 
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StanccSi whcllKr metal ch' non-metal, solid, liquid, or gas; 
and it n always noticed when such element is healed » 
the point at which its vapor becomes luminous, for thea 
each clement emits the peculiar light given off by it 
alone, and the characteristic bright lines become appar- 
ent when its spectrum is observed. Most metals require 
a much higher tcmperatuie than the common Same, in 
order that their vapors should become luminous; Iwl 
they may be easily heated to the requisite temperalure 
by means of the electric spark, which in passing between 
two points of the metal in question, volatilizes a smiU 
portion, and heais it so intensely as to enable itlogiw 
off its peculiar light. 

Thus all the metals — iron, platinum, silver, gold, ^ 
— may each be recognized by the peculiar bright li"* 
which its spectrum exhibits. 

The permanent gases also yield characteristic specltS. 
as hydrogen, nitrogen, oxygen, chlorine, carbon dioxi^^' 
etc. 

fiy placing gases, solutions of salts, etc. in glass vessels 
made for the purpose, and placing them between the illU' 
minating flame and the slit in the tube, so that the ligb' 
will pass through the gas or liquid, the so-calted spectra 
from absorption are obtained. By this arrangement largE 
imrlions of the complete spectrum disappear through ab- 
sorption of corresponding rays of light, or else only dark 
lines are seen In different parts of the same. 

For a description of the great number of spectra which 
have already been carefully smdied and mapped, reference 
must be made to the large works on this subject. 




CHAPTER V- 



The careful observer, having become well acquainted 
with the reactions which are exhibited by the metallic 
oxides and other simple compounds when subjected to 
the various treatments detailed in the second chapter, will 
find no difficulty in ascertaining the nature of any mineral 
substance presented to him for analysis. 

If the reactions are not quite distinct, owing to an in- 
termixture with other substances, he may call to his aid 
the processes laid down in the third chapter, which will 
enable him in most cases to detect also the nature of the 
impurities. But in order to obtain satisfactory results in 
this way, a certain familiarity with all the principal tests 
is a necessary condition ; this once acquired, any further 
directions are quite superfluous. 

Those, however, who have not devoted much time to 
blowpipe operations, will sometimes experience some dif- 
ficulty in drawing the correct conclusions from the ob- 
served phenomena — a difficulty which is to a great extent 
obviated by pursuing some methodical course as given in 
Ihe following schemes. 

The first is applicable for all substances, but the sec- 
ond will be found shorter after a little experience in the 
case of metallic compounds. 
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\ SYSTEICATIC METHOD OF EXAMINATION OP COM 
POUND SUBSTANCES. 

Bv J. LANDAUER. 

Zeitschrift fur Analvtischb Cuemig, XVI. 385. 

PRELIMIXAKY EXAMINATION. 

A. The substance heated in a matrass or a tube 

closed at one end. 
r. Gaseous substances given off: 

1. Cu/orless anJ odorless. 

Water: Wmer of crystallization; hydrate. 
Oxygen: Peroxides, nitrates, chlorates, bromates, 

and iodales. 
Carbon dioxide 1 Carbonates and oxalates. 
Carbon monoxide: Oxalates and formates. (The 

latter carbonize.) 

2. Colorless with odor. 

Sulphur dioxide: Sulphites and some sulphates. 

Sulphuretted hydrogen: Thiosulphales and some 
hydraieil sulphides. 

Ammonia; Some ammonium salts. 
S. With color and odor. 

Nitrogen tetroxide: Most of the nitrates and ni- 
trites. 

Iodine (violet): Some iodides and iodates. 

Bromine fbrown): Some bromides. 

Chlorine (greenish-yellow): Some chlorides. 
h. Sublimate formed : 
1. White sublimate. 

Ammonium salts. 

Mercurous chloride, sublimes without first fusing. 

Mercuric chloride, first fuses. 
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Antimony oxide, fuses and forms brilliani needles. 

Tftlliiriiim dioxide, fuses and sublimes to an amor- 
phous mas.. 

Arsenic trioxide, octahedral crystals without fusion. 
Black or gray sublimate. 

Arsenic: Meiaiiic arsenic and many of its com- 
pounds (metallic mirror). 

Mercury, amalgam, and some compounds of mer- 
cury (metallic globules). 
Colored sublimates. 

Solplmr, yellowish-brown while hoi; yellow when 
cold. 

Antimony SUlpMde, black while hot; reddish-yel- 
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» Arsenic SUlpllide, brownish-red while hot; reddish- 
yellow when coid. 
Mercnrie iodide, yellow ; when rubbed, becomes red. 
Mercuric sulphide, black; by friction, red. 
Selenium, reddish to black; powder dark-red. 
Change of color: 

Zinc oxide, from white to yellow; when cold, white. 

(Tin oxide, yellowish-brown; cold, light-yellow. 
Lead oxide, l>rownish-red; cold, yellow. 
Bismuth oxide, white to orange; cold, lemon-yel- 

, Fuae: Alkaline salts. 

, Carbonize : Organic substance 



Herenric oxide, red to black ; cold, red (volatile). 
Perrie oxide, red to black ; cold, red {not vola- 
tile). _ 
Mercuric iodide, red to yellow; cold, red. 
Hydrated salts of cobalt, nickel, iron, and cop- 
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/. Phosphoresce: Alkaline eanhs, eanfas, zinc and tin 

g. Decrepitate : Alkaline chlorates, galenite, and m^ny 
minerals. 

B. The subetance heated in an open tube. 

(WliciilIu-u'LUlidiiiKlliesnmc a? in preceding section il is omiaed.) 
OaaeouB BubetacceB given off: 

Sulphur dioxide, willi characteristic smell; sulphur 

aiiil sulphides. 
SeleniuiD dioxide, odor of rotten horse-radish; sele- 
iiiiiiii nnd selenides. 
Sublimate formed: ^| 

Aneilio trioxlde, very volatile, white sublimate ^| 
www from assay; arsenic and arsenides. ^| 

Antimony oxide, white fumes, sublimate partially 

vol.Tiilc; .intiniony and its compounds. 
Tallurllim dioxide, white fumes, sublimate fusing to 
Irups; tellurium and tellurides. 
, ... ( white, mostly bi-neath the as- 

Uad sulphate. I ^^. (,o„,p(,„„j, ^f suiphur_ 

ilh lead or bismuth. 



BlHmiiUi sulphate. 



i white 

A z 



0. The flubstanoe heated on charcoal. 
FuslbiUty: 
I. J-'itsible. Alkalies and some satis of alkaline e 

Antimony, lend, cadmium, tellurium, 

nine, tin (nil easily fusible). 
CopiKir, silver, gold (difficultly fusible). 
9. iHfuiiblf. Salts of the earths, of the alkaline e; 

and nlso silira, iron, cobalt, nickel, molybder 

tungsten, platinum, palladium, iridium, rhoditj 

and ( 
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Detonation. Nitrates, dilorales, iodaies, brotnales. 
(. Intmneaeence, K'^inS off wattr; borates and alum. 
d. FJame-coloration, reduction to metal iix) fonnation of 

^^^(H^'Ht)g are described in special reactions. 
COMPLETE EXAALLNAT/OV. 
DETECTION OF BASES. 
The BUbatance is treated on charcoal in the re- 
ducing flame with sodium carbonate ; or in the 
case of a metal or alloy, alone. 
a. The ^ul>stance forms a coating, . See Sect. I., 1-9. 
^. The substance forms a metallic 

» bead, without coating, . . " " I., lo-ii. 
The substance leaves a gray or 
black residue, . . " " II., 13-31. 

rf. The substance colors the flame, 
especially when moistened 

with HCI, . . . •• " IV., 32-42. 

r. The substance leaves a white 

luminous residue, . . " " V., 43-51. 

/ The substance completely vnla- 



tiliz 



'VI.. 



52,53' 



(Fonnalion of hepivf is imliciUum of a sulphate or .i hulphlilc.) 

Beotion I. 
^M^Coafing while, very volatile; disappears with lighc- 
^Hf blue flame, and characteristic alliaceous odor, 
^^B Araenio. 

1* Special Test. Hented wiili potassiiim cyaniile and sndn 

%. Coating reiiiiish-brown, with variegated border; volati- 
^^^F lized by both ilames without coloring them, 
^^H Cadmium. 

i: 
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2* Sp. T. The coating, placed in a matrass with sodium 
thiosulphate, becomes yellow. Compare with No. 3* 
in presence of zinc. 

3. Coating ye Uoiv ^\(\\^\ioX.\ a//«/^ when cold ; luminous 

and is not volatilized, .... Zinc. 

3* Sp. T. The coating, moistened with cobalt solution and 
heated, becomes green. In presence of both Cd and Zn 
the Cd coating appears first, and then the Zn. 

4. Coating steel-gray ; disappears in the reducing flame 

with azure coloration, and gives off the odor of rot- 
ten horse-radish, .... Selenium. 

4* Sp. T. Compare No. 5*. 

5. Coating 7uhite, with dark-yellow to reddish border; 

disappears in the reducing flame with green col- 
oration, Tellurium. 

5* Sp. T. If Se and Te are both present, a white coating 
is formed, the reducing flame is colored bluish-green, and 
the rotten horse-radish odor given off. For separation, a 
metallic coating of the two metals is made in a small 
glass tube, moistened with a drop of H^SO , and gently 
heated. Te dissolves with a carmine-red color, and if 
stroHi^ly heated, the dirty-green color of the Se appears. 

6. Coating bluish-white ; \o\dXA^\ driven about by the oxi- 

dizing flame; disappears in the reducing flame with 
green coloration. 
Bead: white, brittle, oxidizable, . Antimony' 

6* Sp. T. If the coating is placed on platinum foil with a 
piece of zinc and moistened with HCl, a black adherent 
coating of antimony is formed on the foil. 

7. Coating orange while hot; lemon-yellow when cold, 

driven about by both flames without coloring thera. 
Bead: reddish-white, brittle, oxidizable, Bismuth. 

7* Sp. T. On charcoal with potassium iodide, and sulphur 
in the oxidizing flame, give a red coating of bismuth 
iodide. 
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lating lemon-ye/ltnc' ■vhWe hot; sti/phur-yeliowvihen 
cold ; driven away by the oxidizing and also redu- 
cing flame; colors the reducing flame blue. 
I Bead: gray, malleable, oxidizable, . Lead. 

■• Sp. T. Moisten Uie assay »Uh TlNOj, evaporale Ihe 
excess of acid, add H,SO,, and heal till a while vapor 
is given off. A while powder remains, wholly insoluble 
in dilule H,SO^. 
^■Coaling yeiltnmsh while hot; wAtVf when cold; very 

slight, close to the assay, and not volatile. 
^Bead: white, malleable, and very oxidizable. Tin. 
9* Sp. Dissolves in HC1, add Zn, which precipitates 
metallic tin as a gray spongy mass thai does not adhere 
(o the platinum like antimony. A trystal of Na^S^O 
preripitatea btown SnS from the solution Co which the 
Zn has been added. 
^Sead white, malleable, brilliant. In strong oxidizing 
flame, a red dish -brown coaling is formed, which 
in the presence of lead and antimony becomes rjir- 

mine-red, Silver. 

io« Sp. T. Dissolved in HNOj, HCI produces a white, 
curdy precipitate of AgCI. 
t Bead yellow, brilliant, malleable, not oxidizable, 

Gold. 
II* Sp. T. Dissolved in aqua regia, SnCl^ gives purple 
of Cassius. 
12. Bead red, malleable, and oxidizable, . Copper. 

13* Sp. T, Compare Nos. 13 and 39, 
Iron, nickel, cobalt, molybdenum, tungsten, and the^ 
platinum group of metals yield a gray infusible powder. 
Iron, nickel, and cobalt, which are more or less magnetic, 
may be further tested with borajt (Sect. 11."), but for the ' 
other metals the blowpipe reactions are not as character- 
istic. Compounds of chromium give a yellow, and of 
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manganese, a green mass, with sodium carbonate (Sec- 
tion II.). 

S()n)c chlorides, iodides, bromides, and sulphides give 
a white coating, without a complete reduction of the 
nutal, whi( h sliould not be mistaken for any of the fore- 
i;()in^. These will be recognized in the course of anal- 
ysis by other and more characteristic tests. Sulphuretted 
hydro^'cn, recognized by its odor, indicates a sulphate or 
sulphide. 

Section II. Treated with borax on platinam 

wire. 

a. (Colored bead formed in the oxidiz- 

ing flame and reducing flame, . . Nos. 13-3^- 

b. iJcad not colored, . . Section IV. " 32-38. 



TiiE Color of the Bead is — 



In the Oxidizing Flame. 



Mot. 


Cold. 


1:). (llTlM, 


Hluish- 


li. nine, 

15. Vi..li't 


Reddish- 


to black, 


violet, 



In the Reducing Flame. 




Hot. 


Cold. 




Colorless, 

Hliie, 

C\)lorless, 


Brown, 

Blue, 
Colorless 
to pink, 


Copper. 
Cobalt. 

Manganese 



i^'^' Sj). T. With salt of phosphorus and reduced with 
Sn, it becomes red; if it turns black it should be 
heated on charcoal, and the Sb and Bi separated with 
boric acid in the oxidizing flame. 

14* Sj). T. The metal, reduced on charcoal and placed 
upon paper, gives, with HNO , a red solution, which, 
with IICI added, and drying, gives a green spot, which 
disappears when moistened with water. 

15* Sp. T. Fused with sodium carbonate and nitrate, 
forms a green mass. 
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1 


lie OxldiiiDK nunc. 


In Ihe Reducing Flanu!. 




1 


[<,.. 


Cold. 


H«- 


CM. 


no\a. 


Reddish- 


Vellowish- 


Yellowish- 








u"'y. 


gray, , Nickel. 




ua. 


Colorless, 


Green, 


Bottle- 1 




small 






green, 










1 Iron. 




Do. 


Colorless, 


Green, 


Bottle- 1 
green, Uranium. 


M 


Do. 


Colorless, 

in excess 
opalescent, 


Brown, 


(doudj-), Molybde- 


1 


Do. 


Grass- 


Green, 


Emeroid- 












green, 


Chromium. 




Do. 


Colorless, 
in excess 
yellow. 


Colorless. 


Colorless, 


Cerium. 


■ 


Do. 


Greenish- 




Emerald. 








yellow, 




green. 


Vanadium. 


■ 


Do. 


Colorless, in 
unel-white. 


Yellow, 


Yellowish- 


Tungsten. 


1 




Colorless, 


Yellow to 
tjTown, 


Yellow to 

brown, by 

flaming. 

blue, 


Titanium. 


1 


16" Sp, T. The metnl, reduced on coal and placed upor 


I 


p^KT.pves, with UNOj, a Eteen solution, which, touched ^H 


with Ns,COj, produces an apple-green spot. ^H 


ftj* Sp. T. The metal, reduced un cod and placed upon ^H 


paper, moistened *ilh HNOj and HCI. and warmed ^M 


DVET the gas flame, give.s a yellow spot, which turns ^^M 


Mne when moistened with potassium ferrocyanide. ^H 


t8» Sp. T. The salt of phosphorus bead in the oxtdiz- ^M 


ing flame is yellow while hoi and yellowish -green when ^M 


cold : in the reducing flome i( is a dirty-green while ^H 


hot, clear brighl-green when cold, and Ihus differs Irom ^M 




HKSO,, rubbed or ground with Na.COj. moisteneJ, ^M 




J 
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with acetic acid and potassinm ferrocyanidCjVhidi pro- 
duces a brown color. 

19* Sp. T. Digested with H^SO^ on the platinum spoon, 
MoC*^ tnms deep-blue if a little alcohol is added, or if 
it is breathed upon. 

20*^ Sp. T. Fused with soda and nitre on pladnmn, foras 
a yellow mass. 

2.1* Blowpipe reactions are not decisive tests. 

22* Sp. T. Fused with soda and nitre, dissolved in 
water, acetic acid added, AgNO gives a 3rellafr pre- 
cipitate. 

23* Sp. T. The salt of pfhospl^Dnis bead in the oxidiz- 
ing flame is colorless both when bot and cold: in 
the reducing flame, dirty-green wbile hot, blue when 
cold, and blood-red on the addition of iron. Compart 
No. 27. 

24* Sp. T. The salt of phosphoras bead is colorless in 
the oxidizing flame, both when hot and cold; in the 
reducing flame, yellow while hot, violet when cold, and 
blood-red on the addition of iron. Compare No. 30. 

25. Color of the bead when more than one of the oxides 
is present. 



In t)ie Oxidizing Flame. 


In the Reducing Flame. 




Hot. 


Cold. 


Hot. 


Cold. 




Violet to 


Brownish- 


Yellow, 


Bottle- 




blood-red. 


violet, 




green, 


Fe and Mn. 


Plum color. 


Plum color, 


Bluish- 
green, 


Blue, 


Fe. Mn, Co. j 


Oreen, 


Grayish- 


Bluish- 


Green, 


Fe.Mn,Co, 




blue, 


green, 




Ni. 


Yellowish- 


(jrccn, 


Greenish- 


Blue, 


Fe, Co. little 


green, 




blue, 




Ni. 


Violet- 


IJrown, 


Blue, 


Blue, 


Co and much 


brown, 

f 


Green, blue, 
or yellow. 


1 


f 


Ni. 
Fe and Co. 


1 _ t*AM%^ J 


V. . . . 


- - - ; 


Fe and Cu. 
Fe and Ni. 


vircciiy "^ 


according to 
saturation, 


1 \ 
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as* Sp. T. A number of beads are made by fusing the 
substances wilb borax Dn plallnum wire, and then redu- 
cing on charcoal with [he addition of a globule al lead. 
After blowing for some lime, the bead (A) is Ecparaled 
from the lend globule (B) aud exan>ined, 

A. The Btad or fragments are fused with borau on 
platinum wire : 

a. The bead is blue Cobalt. 

b. The bead is green while hot; blue when cold in Ihe 
oxidizing flame Iron and cobalt. 

c. The bead is violet to blood-red wliile hot, and brown- 
ish-violet when cold in the oxidiiing flame; yellow 
while hot, bottle-green when cold in reducing flamei 
on charcoal reduced with tin, vitriol-green. With in- 
EufGcienl oxidizing flame the bead is yelluw while hot, 
colorless when cold, . . Manganese and iron, 

d. The bead is plum color in the oxidizing flame, liolh 
when hot and cold; in the reducing flame, bluish-green 
while hot, and blue when cold, 

Manganese, iron, end cobalt. 

B. The had gtobak is Irealed with boric acid on char- 
coal in the oxidising flame to separate the lead, and the 
residue fused with salt of phosphorus i 

a. The bead is blue when cold in the oxidizing flame, but 
reduced wiib Sn on charcoal, becomes red, Copper. 

b. The bead is yellow when cold in oxidiiing flame, 
Nickel. 

c. The bead is green when cold in oxidizing flame, 
Copper and nickel. 

Section III. The substance is f\iBed with acid 
potassium sulphate, dissolved in hydrochlo- 
ric acid, and a etrip of zinc added. 

(This section is passed by when tungsten, vanadium, titaniur 
niobium are absent.) 

The solution becomes — 
26. Blue,Cliengreeii,finallydark-browD, Molybdic acid. 
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BLOWPIPE ANALYSIS, 



26* Sp. T. Sec No. 19. ll^it' 

27. Hlue, then copper-red, 

27* Sp. T. See No. 23. 

28. Hlue, then green, finally violet, 

28* Sp. T. See No. 22. 

29. Green, .... 

29* Sp. T. See No. 20. 

30. Violet, 

30* Sp. T. See No. 24. 

31. Blue, or in strongly acid solutions, brown, 

Niobic acid. 



Tungstic aci'' 
Vanadicacii ^V 
Chromic acid. 
. Titanic acid. 



Section IV. The Bubstance is placed in the non- 
luminous flame, with the platinum forceps or 
wire. 
a. The flame is colored, especially if the substance is 



moistened with HCl or H,SO, 



Nos. 32-42- 



b. The flame is not colored. Section V., Nos. 43"5'- 



Examination for Bases. 
The color of the flame appears — 



Moistened 
with 

and held 
for u short 
time only 
in the 
flame. 
Repeated- 
ly moisten- 
ed with 
H.jSC)4, 
dried, and 
intensely 
heuted. 



Alone. 

j32. Violet. 
JW, Orange. 
34. Orange. 

80. Carmine. 

!86. Yellowish- 
green. 

37. Yellowish- 

red. 

38. Carmine. 



Through 

Blue 

Glass. 




Reddish- 
violet. 

Reddish- 
violet. 

Invisible 
or pale- 
blue. 

Violet- 
red. 



Bluish- 
green. 

Orange- 
yellow. 

O ranee- 
yellow. 

Invisible. 



Green. 



Bluish- 
green, j 
Greenish- Celery- 



gray. 
Purple. 



I 



green. 
Pale- 
yellow. 



Potassiam. 
PotMsiom 
and sodiani. 



Sodiom. 
Lithiam. 



Bariam. 

Calciam. 

Stron- 
tium. 



' Ba,Ca,andSr, 
i can be recog- \ 
nized when to- > 
gether, if mois- 
tened with HO 
and the fla.«;hes 
of color in the 
; flame carefully 
i noticed. J 



COMPLETE EXAM/JVATW.V. l8l 

'■ Green, moistened with HCl, blue, . . Copper. 

Examination fok Acids. 
*•> Vel low ish -green, similar to barium flame, 

Molybdic acid. 

40* Sp. T. Gives with borax the leaclicms uf No. 19. 

4L Yellowish-green (salts moisiened with HjsOJ, 

Phosphoric acid. 
41* Sp. T. Healed wilh a piece of Mg wire, ot of Na. 
in Ihe closed tube, the mass, moistened wilh II^O, gives 
Ihe smell of phosphorelted hydrogen. 

2, Green (salts moislened with H.SO^), Boric acid. 

42* Bp. T. With Can, md HKSO,, healed on plalinum, 
gives the intense green Hune of boroa fluoride. 
Remarks. — Chlorides and nitrates give green flashes, 
ut very weak, acd quickly disappear. 
The flame-colors of As, Sb, Pb (blue), Zn (greenish- 
■hite), are for the most part obscured by the use of 
oncentrated H,SO.. 

Section V. The aubetance is placed on char- 
coal, moiBtened with cobalt solution, and 
strongrlT heated, 

3, Blue, infasible mass, .... Alumina. 

43 Sp. T. With No. 41, no coloralion; aUo no silica 
skclelon is foimed in the salt of phosphorus l>ead. 

4, Blue, infusible mass, . . Earthy phosphates. 

44* Sp. T, In No. 41, yellowish-green flames, 
:5. Blue, infusible mass, . Earthy silicates. 

45* Sp. T. In salt of phospliortis bead, forms a silica 
skeleton. 
fi, Blue glass, .... Alkaline borates. 

4O Sp. T. With No. 41 shows a biiybl-grcen llame. 
7, Blue glass, . . Alkaline phosphates. 
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^P 47 Sp. T. 


WiHi Ko. 41 skcnrs 1 yWlowtsli-ereen flame. ' 


■ 48. Blue glass. . 


. Alkaline ailicatee. 


H 4S*Sp.T. 


Id ihe salt of phosphonis bead lotnu ■ skel- 


^H tfon of lilio. 


^^k 49. Flesh-red mas 


1. Maffnesia. 


^R 50. Violet Qtass, 


Zirconis. 




t Zinc, 


^V 5L Green nutss. 


. Oxides of J '""• 




] Antimony, 




\ Titaninm. 


^H Section Vl- The substance heated in a closed 




tube wiUi soda. 


^B 52. Meuiiic subli 


mate; may be callected into small 


^H globules, . 


Mercury- 


■ ;'' 


Htated in Ihc clused [ube with Na S 0., 


^B (ocns bUck ilg>v 


^^^^^^ Smell of mmoBia. .... AmnnmU. j 


^^^H^ i5*^r 


n-a:. HO f^<nu > wUte cloud. ^H 




I^TIO.M OF ACIDS. 4H 




^^■l^ltce heated in a closed 




^^^^HUnum sulphate. 




^^^Hk 




^^^^^^K'gs-s 60-67. 




^^^^^Bdorons gas, 6S-70. 




^^^■■Bclian 




^^^^Vhitrogen tetroxide. 




^^^V Nitrous or nitric aoid. 




^^^^nMlsIencd with ralution of femxis 




^^■h widi sulpliuric icid. placed ia Ibe 




^^Hpnmni nitrates, hesini »n platinai 




^^^Ka ttiaoAe, ilei'jtvite and bom. 
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Mlowish-green gas, with smell of chlorine, 

Chloric acid. 

SS* Sp. T. Detonates on charcoal. 

Diet vapor; colors starch-paste blue, . Iodine. 

56* Sp. T. A sail of phosphorus bead, with copper 

oxide and nn iodide compound, gives a clear-green 

, Satne as 56; with the addition of ferrous sulphate, 
indicates ..... Iodic acid. 

tST* Bp. T. The substance detonates on charcoal, 
ddish-brown vapor; colors starch -paste ye! low. 
Bromine. 
58* Sp. T. A salt or phosphorus tiead, with copper ox- 
ide and compound (A bromine, colors (be flame green- 
Uh-blue. 
E same reactions, . . . Bromio acid. 
59* Sp. T. The substance detonates on charcoal. 

Vapors, which form with NH^ a white cloud, and 
have the odor of . . Hydrochloric acid. 

6o* Sp. T. A salt of phosphorus bead, with copper ox- 
ide and compound of chlorine, colors the flame intense 
blue. 

. Strongly-fuming gas, which etches glass. 

Hydrofluoric acid, 
mell of sulphuretted hydrogen. 

Hydro sulphuric acid- 

62* Sp. T. Metallic sulphides, heated in Ihe open lul.e, 
give off sulphur dioxide fumes, which may be known liy 
Qie smell and action upon moist liiue lilm us -paper. 

■611 of burning sulphur; no separation of sulphur. 
Sulphur dioxide, 
e reaction, with separation of sulphur, 

Thio sulphuric acid. 
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1H4 BLOWPIPE A KA LYSIS. 

1)5. Vww^ywK gas; irritates the eyes to tears, and icndeis 
liinr-watcr turbid, . Cyanic acid. 

lU). SiiK-11 of vinegar, .... Acetic add. 

1)7. Siiu'll of priissic acid, . . Hydrocyanic add. 

HK. 'I'lic g.'is cflcrvcsces and causes turbiditT in lim^ 
water, Carbon dioxide. 

lit). 1')k* gas burns with a blue flame. 

Carbon monoxide. 

70. < 'athnni/.ation, Orgranic adds. 

KiMAWK.> -Sonic few organic acids do not carbonize — 

/ / . oxalic I formic, etc. 



Mciot.loti VIII. A Bubstance which indicates a snl- 
lihlclo with Hoda on coal is heated in a plati- 
itutii hi)<)()n with caustic potash, and tiie whole 
plitnnd in 11 veBsel with water, and a brierht sil- 
vnr ooin laid upon it. 

71. 'I'lic coin is not blackened, . Sulphuric acid. 

yi" S|i. T. Ill nnU-r to distinguish sulphates from sul- 
|ihiilr'» (No. 62), the suljstance is dissolved in water 
iiiiihhnl wit!) nitric acid, and the sulphuric acid is 
Ihiowii ilown witli 1)ariuni chloride. 

Iir.nhihh* sulphates arc first boiled in solution of so- 
dium (uihonatc, then filtered, and decomposed with 
iiitiic mid. 

Hontion IX. Already found in the course of 

analysis: 

72. PlioMphorio acid (No. 41), boric acid (No. 42), 

biliuiu acid (No. 45). 



EXAMINATION OF COMPOUND SUBSTANCES. iSj ] 



. SYSTEMATIC METHOD OF EXAMINATION OP 
COMPOUND SUBSTANCES. 



i!V I'M 



, T, VA 
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American Cue 

The substance may conlain As, Sb, S, Se, Fe, Mn, Cu, I 
Co, Ni, Pb, Bi, Ag, Au, Hg, Zn, Cd, Sti, CI, Br, I, CO., 
SiO„ HNO,, H,0, etc. 

Treat on charcoal in the oxidizing Same to find 
volatile substances, such as As, Sb, S, Se, Pb, Bl, 
Cd, etc. (par. 25, et seq.). 
Volatile sub- Volatile Bubstances present. 
(i) Formacoalingoii charcoal and 



atanoes not 
present, 

Divide a part of 
the substance into 
three portions and 
proceed as in A. 



ith salt of phosphorus and tin 
for antimony (par. 65), or separate 
lead and bisniuth, as in pars. 64, 74. 

a. Yellow coating, yielding, with 
salt of phosphorus, a black bead; 
disappearing with blue flame, no part 
of it yielding green Sb flame; Pb,Bi. 

b. Yellow coating, generally with 
white border, yielding black or gray 
bead with salt of phosphorus; disap- 
pearing with blue flame; also the 
border disappearing with green flame ; 
Pb, Sb. 

c. Yellow coating, very similar to b, 
but yielding no blue flame; Bi. Sb. 

(2) If As, Sb. S, Se are present, 
roast a large quantity thoroughly on 
charcoal until no odor of arsenic or 
sulphur dioxide is given off. Divide 
the substance into three portions, and 
proceed as in A. 
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lS6 BLOWPIPE ANALYSIS. 

A. Treatment of the first portion. 

Dissolve a small quantity in borax on platinum wire in 
the oxidizing flame, and note the color. Wlien several 
oxides are present, successive colors often appear; in this 
case, saturate the bead and toss it off into a porcelain 
dish (par. 3 and page 54). Prepare several beads in 
this way, and treat them on charcoal with metallic lead, 
silver, or gold in a strong reducing flame (pars, 87, 89"). 
If the mass spreads over the charcoal, continue blowing 
until a bead is formed. 

The metallic bead {a) is removed from the borax res- 
idue {6'i whilst hot, or with a hammer when cold, all frag- 
ments being carefully preserved. 

a. The metallic bead contains the reduced Ni, Cu, Ag, 
Au, Sn, Pb, and Bi (Sn, Pb, and Bi are partially volatil- 
ized). 

Treat this bead on charcoal in the oxidizing flame 
until all the Pb is removed, or remove the Pb with 
boric acid (par. S8). Ni, Co, Ag, Au remain behind. 

Treat this residue on charcoal (oxidizing flame) with 
salt of phosphorus, and remove the bead whilst hot: 

A green bead when cold indicates (par. 8g) Ni and 
Cu, yellow Ni, blue Co. 

The Cu bead, healed on charcoal (reducing flame) with 
metallic tin, becomes red (par. 88). 

The presence of Ag and Au is ascertained by special 
examination. 

b. The borax residue retains the Fe, Mn, Co, etc. 
Dissolve a fragment of the bead in borax on the plati- 
num wire ; a blue bead indicates, Co. 

[1 presence of much iron add more borax to detect the 
Co (pars. 86, 87). 

Dark-violet or black bead in oxidizing flame, S&i. 



EXAMINATIOX OF COMPOUND SUBSTANCES. l8; 

When only Fc and Mn are present, an almost colorless 
bead (reducing flame) results. 

Test in the wet way (par, 51) for Cr. Ti, Mo. Nb, 
■W, V. 

B. Treatment of the second portion. 
Heal on charcoal in the reducing flame with Na^CO,, 
and look for indications of 2n, Cd, and Sn. If a white 
coating results, treat with cobalt solution (par. 60). 

kC. Treatment of the third portion. 
issolve in sail of phosphorus on platinum wire (o> 
ig flame) for SiO„ and test for Mn with KNO, (par. 
104). 

Special tests, 
t. To confirm As, heat on charcoal with Na.COj, 
in closed tube with dry Na^COj (par. 6g, el seq.). 

2. Dissolve in salt of phosphorus on platinum wire 
the oxidizing flame (provided the assay is neither a melal 
nor contains S), and test for Sb on charcoal with mi 
lie tin in reducing flame (par, 65). 

3. Test for Be on charcoal (par. 113). 

4. In absence of Se, fuse with Na^COj (reducing flame), 
and test for S on silver foil (par. 121). If Se be present, 
test for S in an open tube (par. 20). To distinguish be- 
tween sulphides and sulphates see par. 104. 

5. Test for Hg by heating inclosed tube withfl'/;)'NajC03 
(par. II). 

6. Fuse with as,say-lead and borax-glass on charcoal in 
reducing flame. Cupel the Pb bead for Agr (par. 117). 
Test for Au by means of HNO, (par. 95). 

7. Test for CI, Br, and I with salt of phosphorus bead 
containing Cu (pars. 82, 97). 



i88 nr.mvp/rE analysis. ^I 

8. Test CI ami Br wiih HKSO, (par. 79). H 

9. Test for water in closed tube (par. 9). ^| 

10. Apply flame -col oration tests (par. 57-61). H 

11. Te^t for CO, with HCi. fl 
la. Test for HNO, by means of HKSO, (par. lofixfl 
13. Test for To according to par. izz. B 

When sulphides, etc. are under examination, they must 
be well roasted; but if S, As. Sb, or Se, as sulphides, etc., 
are absent, the substance Js either an oxide or an alloy. If 
an oxide, the roasting is unnecessary; if an alloy, it is 
tested by (i ) a for Pb, elc, and then the test is made by 
fusing the substance on charcoal with borax in the redu- 
cing Dame, thus performing in the same oiieration the test 
A and A, a. Some sulphides during roasting (A) are re- 
duced, and are then treated like alloys. Metals, sulphides, 
etc. should be fused on charcoal with the flux, and not 
on plaiinum. The reducing flame is used if only the non- 
reducible metals, as Fe, Co, etc., are lo be obtained in the 
flux; the oxidizing, if Cu, Ni, etc., and other reducible 
metals. The flux may then lie taken up on the wire. Sul- 
phi<ies, etc. must always be roasted before testing with bo- 
rax anf! silt of phosphorus. 

In B, Sn can always be found in the presence of Zn by 
educing the oxides with soda and a little borax, and tril- 
iraling the mass in water (par. 46"). In some alloys, for 
example, bronzes, containing both Sn and Zn, the latkT 

1 be detected by treating a short time in the reducing 
flame, and testing the coaling formed with cobalt i 
tion, as the Zn coating forms first. 

The word button refers to the metal, and I 
I fiux. 



'ith cobalt so^^^H 
and btad t(f>|^^^H 



TABLES 



SHOWING THE BEHAVIOR OF THE ALKALIES, 
EARTHS, AND METALLIC OXIDES, ALONE, 
AND WITH REAGENTS, BEFORE 
THE BLOW-PIPE. 
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BLOWPIPE ANALYSIS. 



TABLE I.— Behavior of the alkalies and alkaline eartlii 

before the blowpipe. 



Alkalies. 


AlofU on Platinum Wire, 


I. Potash. 


Colors Ihe flame violet; but even a minute quan- 
tity of soda obscures the reaction. See par. 58. 


2. Soda. 
Nap. 


Colors the flame intense reddish-yellow, even in 
the presence of a large excess of potash. 



3. LiTHIA. 

Lip. 



Colors the flame carmine-red, even in the presence 
of potash; but soda gives a yellowish-red. See par. 59. 



4. Ammonia. 
NH3. 



Combined with chlorine, nitric or sulphuric acids, 
it colors the flame very pale-green. 



BEHAVIOR OF ALKALIES AND EARTHS. I9I 



TABLE L— Continued. 



Alone on Platinum Foil 


Remarks. 


No change. 


In solution, change red litmus 
paper to blue. 


No change. 


Same as Potash. 


Turns the foil yellow when 
fused ; but if washed and ignited 
the color is destroyed, but the foil 
remains dull. 


Same as Potash. 



No reaction. 



Pungent odor, colors red litmus 
paper blue. 



192 



BLOWPIPE ANALYSIS, 



TABLE L— Continued. 



Etirths, 



5. iJARYrA. 
HaO. 



(1. SlR»»NTIA. 
Si ( ). 



7. l.IMK. 
( 'a( ). 



8. Macnksia. 
M^;(>. 



9. Alumina. 



AIP3. 



On Charcoal alone, and 
in the forceps. 



With Sodium Carbonate 
on Charcoal. 



The Hydrate fuses, boils, 
intumcsces, and is finally 
absorbed by the charcoal. 
'I'he Carbonate fuses read- 
ily to a transparent glass, 
which, on cooling, becomes 
enamel-white. In the for- 
ceps it colors the outer 
Hame yellowish-green. 



Fuses to a homogeneous 
mass, which is absorbed by 
the charcoal. 



The Hydrate behaves 
like Barium hydrate. The 
Carlumate fuses only on 
the edges, and swells out 
in arlM)rescent ramifica- 
tions, which emit a bril- 
liant light, and, when 
healed with the R. F., 
impart to it a reddish 
tinge ; sliows after cooling 
alkaline reaction. In the 
forceps, colors the outer 
llanie crimson. 



Caustic Strontia is in- 
soluble. The Carbonate, 
mixed with its own volume 
of soda, fuses into a limpid 
glass, which becomes en- 
amel-white on cooling. At 
a greater heat the mass 
boils, and caustic Strontia 
is formed, which is ab- 
sorbed by the charcoal. 



C\'\ustic Lime is not 
changed. The Carbonate 
loses carbon dioxide, be- 
comes whiter and more 
1 inn i nous, and shows after 
cooling alkaline reaction. 
In the forceps it colors the 
outer tlame pale-red. 

Undergoes no alteration. ' 
The Carbonate becomes | 
oauslie and luminous. On' 
addition of cobalt solution \ 
and flaming becomes pink. ' 



Insoluble. The soda 
passes into the charcoal, 
and leaves the lime unal- 
tered on its surface. 



It behaves like lune. 



Forms an infusible corn- 
Not changed. On addi- . jxjund, with slight intumes- 
tion of cobalt solution and cence. The excess of soda 
flaming becomes blue. 1 is absorbed by the char- 
coal. 



BEHAVIOR OF ALKALIES AND EARTHS. 
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TABLE I.— Continued. 



WUh Borax on Platinum Wire. I ^'"^ ^"'^ "f. ^^"^A?"'"^ "« ^/'"■- 

inum Wtre. 



The Carbonate dissolves with 
effervescence to a limpid glass 
which, with a certain amount, be- 
comes opaque by flaming; with 
more, it becomes opaque-white on 
cooling, even without flaming. 



As with Borax. 



Same as Baryta. 



Same as Baryta. 



Readily dissolved to a lifnpid 
glass, which becomes opaque by 
flaming. The Carbonate dissolves 
with effervescence. On a large 
addition of Lime the glass becomes 
cloudy and crystallizes on cooling, 
but does not become enamel-white, 
like Baryta or Strontia. 



Soluble in large quantities to a 
limpid glass which, when sufficient 
Lime is present, becomes opaque 
by flaming. When saturated, the 
glass becomes enamel-white on 
cooling. 



It behaves like lime, but not so 
crystalline. 



Readilysoluble to a limpid glass, 
which becomes opaque by flaming. 
When saturated, it becomes, on 
cooling, enamel-white. 



Dissolves slowly to a limpid 
glass, which remains so on cooling, 
and which cannot be made cloudy 
by flaming. A large quantity of 
alumina makes the glass cloudy 
and nearly infusible; on cooling, 
it then assumes a crystalline sur- 
face, and is scarcely fusible. 

17 N 



Soluble to a limpid glass, which 
remains clear under all circum- 
stances. If too much alumina be 
added, the undissolved portion be- 
comes translucent. 



BLOWPIPE AXA LYSIS. 



Alialine 
Earths. 


On a„'w.i! ■•'on,, ami 
/« iJu /•/•({ft. 


fyttk S.^/H>H Cark 
Jin Ckarceal. 


I a. GlUCIKA. 
BeU. 


Nol changed. With co- 
bait soliition and ftaniing 

turns blui*-gray. 


Insalnble. 


II. YTTllIA. 

YO. 


Not chaoged. 


Insoluble. 


12. ZiRCriNIA. 
ZrKJ'. 


tnrWble.buI emitting a 
very glaring Ughl. 


Insoluble. 


13. Erbia 
EO. 


The yellow oxide be- 
comes lightei-Gulorcd and 
transparern in the R. F. 


Insolnble. 


14. TllORIA. 

ThO. 


Not changed. 


Insoluble. 



Nol changed. On ad- ■ 
'llliun of cobalt solution, 

, and llaming becomes pale- 
blue. If slightly fused ihej 

I color is deeper. I 
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TABLE I.— Continued. 



With Borax on Platinum Wire. 



With Salt of Phosphorus on Plat- 
inum Wire, 



Soluble in large quantities to 
a limpid glass, which becomes 
opaque by flaming. When Glu- 
cina is present in excess, it be- 
comes enamel -white on cooling. 



As with Borax. 



like Glucina. 



Like Glucina. 



Like Glucina. 



Dissolves more slowly than with 
Borax. 



Dissolves slowly to a clear glass, 
which becomes opaque by flaming, 
or on cooling if in excess. 



As with Borax. 



In small quantity dissolves to a 
clear glass, which becomes enamel- 
white on cooling if in excess; if 
clear, it cannot be made opaque 
by flaming. 



As with Borax. 



Dissolves slowly to a limpid 
glass, difficultly fusible, and can 



Soluble in very small quantities 
to a limpid glass. 

The insoluble portion, or silica 



not be made opaque by flaming, j skeleton, floats about as a trans- 
lucent mass in the clear glass. 
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TABLE n.— Behavior of the metallio oxides before 

the blowpipe. 



Metallic Oxides 
in Alphabetical . 
Order. 



On Charcoal alone. 



I. Antimony 
Trioxidk. 



2. Arsp:nic 

Trioxide. 

AsO,. 
2 3 



3. Bismuth 
Trioxide. 



4. Cadmium 

Oxide. 

CdO. 



With Sodium Carbonate 
on Charcoal. 



O. F. : It is displaced 
and deposited upon an- 
other part of the charcoal. ! On charcoal very readily 

R. F. : It is reduced and ■ reduced in O. F. and R.F. 
volatilized. A coating of The metal fumes and coats 
oxide is deposited on the the charcoal with antimony 
charcoal, and a greenish- ' oxide, 
blue color imparted to the 
flame. 



Volatilizes below a red 
heat. 



On charcoal reduced, 
with emission of arsenical 
fumes, which are charac- 
terized by a strong garlic 
odor. 



O. F. : On platinum foil 
it fuses readily to a dark- 
brown mass, which, on 
cooling, becomes pale-yel- 

j low. 

On charcoal in O. P'. and 
R. F. reduced to metallic 

; bismuth, which, with long 
blowing, vaporizes, coat- 
ing the charcoal with yel- 
low oxide. The coating, 
when touched with the R. 
F., disappears without col- 
oring the flame. 



Easily reduced to me- 
tallic bismuth. 



O. F. : On platinum foil 
unchanged. 

R. F. : On charcoal it dis- 
appears in a short time, and 
deposits all over the char- 
coal a dark-yellow or red- 
dish-brown powder. The 
outer part of the coating is 
also iridescent. 



O. F. : Insoluble. 

R. F.: On charcoal 
readily reduced ; the nie*' 
al vaporizes and depo>i^^ 
a dark-yellow or reddish" 
brown coating on the char- 
coal. The more rem<H*^ 
portion of the coal assumes 
a variegated appearance. 



BEHAVIOR OF METALLIC OXIDES. 



TABLE IL— Coatiimed. 



With Borax on Flalinunt Wire 



O. F. : DisH>lve9 in lat^e quan- 
lilies lu a limpid glass, wbich, 
while hot, appenra yellowish, hul 
after cooling, colorless. 

R. F. ! The glass, when ( reatcd 
only for a shorl lime in the O. K„ 
becoiDEKon Ch. grayish and cloudy 
frum particles of reduced antimony. 
With tin il hecomcs gray or black, 
according to the degree of salura- 



Vilh Suit of Pliasphor 



O. F. : Asmall quantity is easily 
dissolved to a clear yellow gtais, 
which, on cooling, becomes color- 
leas. On a lai^e addition of oxide, 
the glass, while hot, ii yellowish- 
red, becomes yellow on cooling, 
and when cold is opalescent. 

R. F. : On Ch. the glass becomes 
at first gray and cloudy, the oxide 
is reduced to metal with efferves- 
cence, and the bead becomes clear 
again. An addition of tin accel- 
erates the process. 



O. F. : Dissolves with efferves- 
cence to a limpid glass, which, 
while hot, is slightly yellowish. 

R. F. : On Ch. the saturated bead 
becomes at first cloiuly, but after- 
wards clear i^ain, owing to the 
vol utilisation of the reduced atiti. 
mony. Treated with tin, the glass 
becomes, after cooling, gray, even 
if but very little antimony trionide 
is present. With strong blowing 
clear again. 



O. F. : Readily dissolved to a 
limpid yellow gta.<is, which, on 
cooling, becomes colorless. When 
a greater quantity of oiide is pres- 
ent, the glass may be made enamel- 
white W flaming, and on a still 
larger addition it becomes by itself 
enamel -white on cooling. 

R. F. : On Ch., particularly when 
tin is added, the glass remains 
colorless and limpid while hot, but 
becomes, on cooling, dark.gray 
and opaque. 



O. F. : Soluble in large quantity 
to a limpid yellowish glass, becom- 
ing almost colorless on exiling. 
When highly saturated, it may be 
made enamel -white liy flaming, 
and when still more oxide is pres- 
ent, il becomes by iiself enamel- 

R. F. : Placed on Qh., it enters 
into Gbatlition \ the oxide is re- 
docedj the reduced metal vapor- 
\txs immediately and deposits a 
dark-yellow coaling. , 



O. F. : Soluble in large quantity 
lo a limpid glass, which, while hot, 
is yellowish, bul colorless when 
cold : when saturated, it becomes 
enamel -white on cooling. 

R. F. : On Ch., the oxide be- 
comes slowly and imperfectly re- 
duced, The reduced metal de- 
posits a very feeble Ct. of dark- 
yellow color. The color is only 
clearly seen when the mass is cold. 
An addition of tin facilitates the 
reduction. 



as* 



I 
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TABLE n. — Continued. 



Metallic Oxides 

in Alphabetical 

Order. 



On Charcoal alone. 



With Sodium CarbonaU 
on Charcoal. 



5. Cerium 
Sksquioxide. 



Ce(). 

a 3 



The protoxide is con- 
verted into sesquioxide, 
CeK)»bytheO.F., which 
remains unaltered in the 
R.F. 



Insoluble. The soda 
passes into the charcoal; 
the sesquioxide is reduced 
to protoxide, which re- 
mains on the charcoal as 
as a light-gray powder. 



6. Chromium 

SkS(^UI(>XII)E. 

Cr,0,. 



Not changed in the O, 
F. or R. F. 



O. F. : On platinumwi^ 
soluble to a dark yelto^" 
ish-brown glass, which ^ 
cooling becomes opaq^^ 
and yellow. (Chrolft**^ 
acid.) 

R. F. : The glass b^ 
comes opaque and greC^\ 
on cooling. On charco^ 
it cannot be reduced t* 
metal ; the soda passes int* 
the charcoal, and the ox^ 
ide remains behind as it- 
green powder, Cr^^O . 



7. COKALT 

Monoxide. 
CoO. 



1 O. F. : On platinum wire 

a very small quantity is 

O. F. : Not changed. dissolved to a transparent 

R. F. : It is reduced to mass of a pale -reddish 

metal, but does not fuse: color, which, on cooling, 

! the mass is attracted by the becomes gray. 

magnet, and assumes me- i R. F. : On charcoal re- 



tain c lustre by friction. 



duced to a gray magnetic 
powder, which becomes 
lustrous by rubbing. . 



BENA VIOR OF METALLIC OXIDES. 



TABLE n. — Contmned. 



With Borax on PlaU 



Wire. V"'"- ^■""'L2:t-r:. 



O. F. : Soluble to a limpid glass 
of dark-yellow or red Color, which 
di&nges on cooling lo yellow. 
When h^hly saturated with oxide 
the glass becomes, on cooling, 
enunel-while. 

R.F. iTheyellow glasi becomes 
colorless. A highly saturated bead 






and c:ystatli[i< 



ling e 



O. F, : Dissolves bat slowly, bul 
colors intensively. If little of the 
oxide is present, the glass, wliile 
hot, is yettow ; when cold, yellow- 
ish-green ; with more oxide it is 
dark-red while hot, becomes yel- 
low on cooling, and when perfectly 
cold has a nnc yellowish-green 
color. 

R. F. : The glQ.'is is green, hot 
and cold. The intensity of the 
color depends on the amount of 
oxide present. Tin causes no 
change. 



O. F. : ColoTU very intensively. 
The glass appears pure small-blue, 
hot and cold. An excess of oxide 
imparts lo the bead a deep bluish- 



O. F. : As with borax, but o 
:ooling, colorless. 

K. K.: Perfectly colorless, hot 
ind cold, thus being distinguis' 
rotn an iron sesquloxide gl 
'J ever becomes opaque on cooling, 
lowever large the amount o( 
de present. 



O. F. : Soluble to a limpid glass, 
which, while hot,a[^are reddish; 
when cold it has a ^ne green color. 

R. F. : As in O. F., bul the col- 
ense. The Same on 



[idditi 



nuf 1 



O. F.: As with borax, bu 
he same quantity of oxidi 

"r.F: AsinO.F. 



BLOWPIPE AXALYStS. 



\llttatliiOxidti 
I in AlfkabtlUat 
■ OrJtr. I 



On Charcoal ahml. 



O. F, : Fuses lo a black ' O. F. : On platiDom «rt 
globule, wliich becomes' soluMe lo a limpiil glus 
reduced where it is in con- of green color; on (wl- 

< lad wilh (he charcoal. I ing it becomo oiMtpie ind 

I R. F. : Reduced lo melal ' while. 
M alcmperoture belpwthe i R. F, : On eharcoal ai>i' 
mellirg ■ point of copper, ly reduced lo meul.whitli. 
When the lieat is increas- when llie lemperatun >s 
1 glubute of metallic I sufliciently high, fu^rs lo 
copper \i obtained. one or more globules, 



D,0,- 

I heated 

), Gold tion it becomes redueeS to 

TmoxuiK. melfll in 0. F. and R. F. , 

Au,0 . The mela! fuses easily to 

n globule. I 

in the O. F. becomes; 

dark^yellow nhen heated, 

but on cooling is again , 

II, Indium lighter, and does not Iusc. 

OxiDB. In the R. F. is gradually 

ln,0 . reduced and volatilized, < 

depositing a coat on the 

coal. A distinct violet 

Ikme js produced. 

la. Ihidium At a red heat becomes 
Dkixiue. reduced; the reduced 
IrO,. metal is infusible. 



Insoluble. The sndi ii 
absorbed by ihe coal, t^ 
the gray oxide remains 1*- 

~i Does not dissolvelaSe 
soda, but is easily reduced 
in both flames. Themti»l 
fuses readily lo a g'"''"'' 
The soda passes into llis 
charcoal. 

In the O. F. insoluble. 

In the R. F. is reduced 
on coal, and the tneto' 
partly volatilizes, eoniinfi 
the coal with oxide, while 
a i>orlion may be seen m 
almost silver-while glo^i- 
ules in Ihe fused salt. 

OT FTTfJoes not dissolve 
in the soda, but becomes 
reduced ; the metal cannot 
be fused lo a globule. 



w 



BEHAVIOR OF METALLIC OXIDES. 20I 



TABLE n. — Continned. 



With £ 



■ en Platinum Wir. 



n;ih Sale .'/ Phoil'lu; 



O. F. : A small additiun of 
oxide makes Ihe glass appear 
green while hpl, but blue when 
colli. A large qu^Dtily imparts to 
it a very deep-green color while 
hot, becoming greenish-blue when 

R. F. ; A glass contaming a cer- 
tain quantity of oxide becomes 
cotorless, but on cooling becomes 
opaque und red (suboxide). On 
Ch. the copper may be prectpitatEil 
in the metallic state, the bead be- 
coming in consequence colorless, 
A gloss containing praloxiile, when 
treated on Ch. with tin, becomes 
on cooling brownish - red and 
opaque. 



e O. F. soluble to a clear | 
colorl&JS glass, and remains unal-i 
tei'cd in Ilie R, V. When strongly 



O. P.: As wilh borax, but fofllii; 
same amount of oxide the cotoru- 

R. F. : A glass containing a 
large quantity of oxide becomes 
dark-green, which in the moment 
of refrigeration changes suddenly 
to brownish red and opaque. A 
gloss containing but Eillle oxide, 
when treated on Ch. with tin, ap- 
pears colorless while hot, but he- 
comes brownish-red and opaque 
on cooling. 



As with sodium tarbunale 



In the O. F. dissaves to a clear' 
glass, foebly yellowish while hot, < 
ciil.irless on cooling, and chmdy . 
when much is added, ' 

In the R. F. the glass is un- 1 1 
changed. On cool the oxide is >: 
reduced, volaliliies, and coals the | 
coal again with oxide. The (lame I 
, is violet even in presence of sndn. | 



ividi tmrnx, hut the glass, 
gray and thnidy on cooling. 



^^Klwith 



u 



JItflallie 'Oxiits 

in AlfJiabitical 

OrJir. 



BLOWPIPE ANALYSIS. 

TABLE n. — Contiiuied. 

On Charceal alome. 



O. F. : No! changed. 
R. F, : Becomes black 
and magnetic, Fe O 



O. F. : Insolnbk. 

R. F. : OnCh. itiiK- 
doced; the mass, whti 
placed in a moTtor, [nl- 
verized, and repealcdl; 
washed with waler lo re- 
move the adhertnt Qi. 
particles, yields a SfJ 
raelallic powder which i> 
attracted by the magDct. 
Fe,0^. 



Insoluble, Thesodnii 
absorbed hy the coal.li"- 
ing Ihe gray oxide behini- 



1 jilatin 



when healed 
foil, lilac kens; 
g Ihe leniper- 
alurc it changes into yel- 
low oxide, which finally 
r«scs til a yellow gla^^:. 

On Ch. in O. F. and R. 
■', niransi instantaneously 
cducu'l lo melnl which, 
vith cimtinued blowing, 
'aporiitcs, and covets Ihe 
:h. with yellow oxiile, 
uinmnded by a fninl 
white ring of carbonate. 
The Q., when touched 
with the R. F., disap- 
pears, imparling to ifie 
lianie an aiure-bluc tinge. 



O. F. : On platinui* 
ire readily dissolved ti> 
limpid glass, which, u" 

cooling, Incomes yellow- 

' h and opaque. 
R. F. r On Ch. reduceJ 

to metal which, with con- 

linued blowing, coven the 

Ch, with oxide. 



r 



BEHAVIOR OF METALLIC OXIDES. 
TABLE n, — Continned. 



iVilh Borax on Flatinui, 



O. F. ! ABiim!! amount of oxide 
causes llie glass to look yellow 
while hot, coloilesE when cold. 
When more of Ihe oxide is presenl 
Ibe glass, while hot, appears red, 
and yellow when cold. A still 
lar^r quantity makes the glass 
dark-red while hot, and dark-yel- 
low when cold, 

R. F. : The glass hecomes hot 
tie-green. Treated on Ch. witli 
tin it becomes, at first, bottle-green, 
hut afterwards pure vitriol -green. 



In Ihe O. F. dissolves to a clear, 
colorless glass, that becomes 
amel-white by flaming when i 
rated to a certain extent, and when 
strongly saturated becomes enamel- 
like of itself on cooling. 

In R. F. the same as in O. F. 



O. F. : When at a certain point 
of saturation the glass, while hot, 
appears yellowish-red. and be^ 
comes on coolinc at first yellow, 
then greeoiah, and finally colorless. 
On a very large addition of oxide 
it appears, while hot, deep-red, 
liecoming, on cooling, brownLih- 
red, then of a dirty-green color, 
and finally less brownish-red. 

R. F, : A glass containing but 
little of the oxide suHera no visible 
change. When more of the oxide 
is present it is red while hot, and 
on cooling becomes at first yelloB , 
then greenish, and finally reddish. 
Treated with tin on Ch. the glass 
on cooling becomes at first green, 
'■id finally colorless. 



As with Borax. 



0. F. : Easilysoluble to a limpid 
yellow glass which, on cooling, 
becomes colorless. If much oxide 
be present it may be made cloudy 
by flaming. A still larger addition 
of oxide causes the bead to be- 
come eoamebyellow on cooling. 

R. F. : The glass diffuses itself 
over the Ch. and becomes cloudy. 
With continued blowing the oxide 
is reduced (o metal, with efferves. 
cence. and the glass becomeis clear 
again. 



O. F.: As with borax. Tlut In 
obtain a glass si'hich appears yel- 
low while hot. n large addition of 
Ihe oxide 's reijuired. 

R. F. : On Ch. the glass be- 
comes grayish and cloudy. This 
jilienomenon is better observed 
when tin is added; bn' the glass 
can never lie made quite opaque. 
If much of the oxide be presenl, 
the Ch. becomes coated. 
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BLOWPIPE AXAL i'S/S, 



TABLE IL—CoiilmMd. 



M, tall I, iniJei 
/// Mf-htihitiial 
t h.lrr. 



On Ckarcc-al oLsne. 






I 



F. : On V^ 
wire oc fcil a veit j»*" 



O. 



I'- \1 \'.'. \M.>I. 
I >l«'\ li'l . 



the lcnii»crature is sum- / * . _^^ ni^ 

* transparent grt««» '■^ 

which on cooling 



( icntlv hii'h, Iwjth the scs- l-T'*""* »*:««»*«ii»* 
• . *• . . which on cooLinf oeo'^ 



17. Ml K( TKV 

< »\ ll>l . 

lil'.n 



iS Mill \ i:|)| , 

N I ! M 

1 KioMIH'. 
M..() . 



MjUnxMle and the P-rox- ^^^^^^^ y^j^^ 

n. . h.h - I,rr,w„ ,..wder, ^^^^ ^^ ^^^^^ ,,^. 

.Mn,> I . = 1 « J *i iiil»' 

^ * .al: the s«nia |ia5>e* '"* 

k. F.: The same effect, the charcal and lead's'"* 



oxide liehind. 



Instantly reduced and 
volatilized. 



Heated m a matrass » 
redness, it is reduced atf* 
vaporized. The vapo"J 
cmidense in the neck 01 
the matrass and fonn * 
metallic coating, which 
can be united to a global* 
by carefully tapping 0^ 
the matrass. 



I ( ). K. : Fuses, l>ecomes 
I hrnwii, vai)(>ri/.es, and de- 
posits on the Ch. a yellow 
Ct., which nearest to the 
assay is crystalline. On 
coohn^^ the Ct. becomes 
white, and the crystals 
colorless. Beyond this 
I oat is a thinner non-vola- 
tih* iilin of dioxide, which 
I on i'o(»linj; is dark cop- 
per red, with metallic lus- 
tre. 

K. F. : The irreaterpart 
of the assay is absorl^ed ' 
j l)y the C'h., and may be ' 
i reduced to metal at a suf- 
ficiently hiji[h tempera- 1 
ture; the metal is in the! 
shape of a gray powder. ! 



O. F. : On platinum 
wire dissolves with effer- 
vescence to a limpi<l 
glass, which on cooling 
becomes milk-white. 

R. F. : Fuses with ef- 
fervescence. The fused 
mass is absorbed by the 
Ch., and part of the acid 
is reduced to metal which 
may be obtained as a steel- 
gray powder. 



BEHAVIOR OF METALLIC OXIDES, 
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TABLE n. — Continued, 



With Borax on Platinum Wire. 



With Salt of Phosphorus on Plat- 
inum Wire, 



O. F. : Colors very intensively. 
The glass, while hot, is violet, on 
cooling it assumes a reddish tinge. 
When much manganese is added, 
the glass becomes quite black and 
opaque ; but the color can be seen 
when the glass, while soft, is flat- 
tened with the forceps. 

R. F. : The glass becomes col- 
orless. If the color is very dark, 
the phenomenon is best observed 
on Ch. with addition of tin. 



O. F. : A considerable addition 
of manganese must be made to 
' produce a colored glass ; it then 
appears, while hot, brownish- vio- 
let, and reddish-violet when cold, 
but never opaque If the glass 
contain so small a quantity of 
manganese that it appears color- 
less, an addition of nitre will pro- 
duce the characteristic coloration. 
A glass containing oxide bubbles 
and yields gas at a high tempera- 
ture. 

R. F. : Becomes very soon col- 
orless, and remains then quiet. 



O. F. ; Dissolved in large quan- 
tities to a limpid glass, which, while 
hot, appears yellow, but colorless 
on cooling. A very large amount 
of oxide causes the glass to appear 
dark-yellow while hot and opaline 
when cold. 

R. F. : A highly saturated bead 
becomes brown, and opaque when 
still more oxide is present. In a 
good flame black flocks of MoO^ 
separate, and are visible in the yel- 
low glass if flattened. 



O. F. : Easily soluble to a limpid 
glass. If but little of the acid be 
present it is yellowish-green while 
hot, but when cold almost colorless. 
On the charcoal the glass becomes 
very dark, and on cooling assumes 
a beautiful green color, from the 
dioxide produced by the reducing 
action of carbon monoxide. 

R. F. : The glass assumes a very 
dark, dirty-green color, which on 
cooling becomes beautiful bright- 
green. The same on charcoal ; tin 
deepens the color a little. 



18 
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BLOWPIPE ANALYSIS. 



TABLE L— Contmned. 



Alkaline 
Earths. 



On Charcoal alom^ and With .Sodium CarbonaU 

in the forceps. i on Charcoal. \ 



lo. Glucina. 
BeO. 



Not changed. With co- 
balt solution and flaming 
turns bluish-gray. 



Insolable. 



II. Yttria. 
YO. 



Not changed. 



Insolable. 



12. ZiRCONIA. 

ZrKy. 

13. Erbia 
EO. 



Infusible, but emitting a 
very glaring light. 



Insoluble. 



The yellow oxide be- 
1 comes lighter-colored and 
I transparent in the R. F. 



Insoluble. 



14. Thoria. 
ThO. 



Not changed. 



InsoluMe. 



15. Silica. 



SiO,. 



Not changed. On ad-i 
d it ion of cobalt solution ,, , , . . . «■-«,-<;. 
and flaming becomes pale- ^•'•^'^' *',"' "^Zf 
blue. If slightly fused the, "'"=^> '° * ='«" ^- 
color is deeper. I 



BEHAVIOR OF METALLIC OXIDES, 
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TABLE n.— Continued. 



With Borax on Platinum Wire. 



With Salt of Phosphorus on Plat- 
inum Wire. 



O. F. : A small quantity colors 
the bead violet while hot; when 
cold, pale reddish-brown. More 
oxide makes the coloration deeper. 

R. F. : The glass becomes gray 
and cloudy, or even opaque. With 
continued blowing the minute par- 
ticles of reduced metal collect to- 
gether and the glass becomes col- 
orless. This takes place more 
readily on Ch., especially when tin 
is added. The nickel then unites 
with the tin to a globule. 



O. F. : Soluble to a reddish glass 
which, on cooling, becomes yellow. 
A larger addition causes the glass 
to appear brownish-red while hot, 
and reddish-yellow when cold. 

R. F. ; On platinum wire not 
changed. On Ch. with tin it be- 
comes, at first, gray and opaque; 
with continued blowing the nickel 
becomes reduced, and the glass 
clear again and colorless. 



In O. F. dissolves easily to a 
clear, colorless glass, becoming 
opaque by flaming with a certain 
addition, and with more becomes 
opaque of itself when cool. 

In R. F. a glass which, after 
treatment in the O. F., becomes 
opaque of itself, on cooling re- 
maining unaltered. 



In O. F. dissolves largely to a 
clear glass, yellow while hot, but 
colorless on cooling. 

In R. F., with a large addition, 
the glass becomes brown. The ad- 
dition of ferrous sulphate gives a 
blood- red bead. 
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TABLE n.— Continued. 



Metallic Oxides 

in Alphabetical 

Order. 



On Charcoal alone. 



With Sodium Carbonate 
on Charcoal. 



21. Osmium 

Dioxide. 

OsO.. 



I O. F. : Converted into 
' osmic acid, which, with- 
out depositing a coating, 
volatilizes with its peculiar 
pungent odor. 

R. F. : Easily reduced to 
a dark-brown and infusible 
I metallic powder. • 



Elasily reduced to an in- 
fusible metallic powder, 
which may be obtained 
pure by washing away the 
coal. 



22. Palladium 

Monoxide. 

PdO. 



Reduced at a red heat ; 
but the metallic particles 
are infusible. 



Insoluble. The soda 
passes into the charcoal, 
and leaves the palladium 
behind as an infusible pow- 
der. 



23. Platinum 

Dioxide. 

PtO.. 



Like palladium. 



Like palladium. 



24. Rhodium 
Oxide. 

25. Ruthenium 

OXH)E. 



Like palladium. 



Like palladium. 



Like palladium. 



Like palladium. 



26. Silver 
Oxhje. 
Agp. 



Easily reduced to me- 



Instantly reduced. The 

» n- -1 u- i^ ■* soda passes into the char- 

tallic silver, which unites i j .v ; 1 

♦^ .,^ .. J> . 1 u 1 coal, and the metal unites 

to one or more globules. . ' 1 • 1 

** to one or more globules. 



27. Tantalum 
Pkntoxidk. 



In O. F. becomes slight- ! In R. F., with more than 
ly yellow, but is white , an equal volume of soda, 
again when cold. ; fuses on coal to a bead with 

In R. F. the same. On effervescence, and soon 
addition of Cobalt be- spreads out; with more 
comes light-gray after long soda, sinks into the coal, 
ignition, and turns slightly In R. F. the same. It 
red, like magnesia, on cannot be reduced to met- 
cooiing. I al. 



BEHAVIOR OF METALLIC OXIDES. 
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TABLE n.— Continued. 



ur-^i. D rtr J- ii7- \ With Salt of Phosphor US OH Plat- 

With Borax on Platinum Wire. \ •'. A,. 

inum Wire. 



O. F. : A small quantity colors 
the bead violet while hot; when 
cold, pale reddish-brown. More 
oxide makes the coloration deeper. 

R. F. : The glass becomes gray 
and cloudy, or even opaque. With 
continued blowing the minute par- 
ticles of reduced metal collect to- 
gether and the glass becomes col- 
orless. This takes place more 
readily on Ch., especially when tin 
is added. The nickel then unites 
with the tin to a globule. 



O. F. : Soluble to a reddish glass 
which, on cooling, becomes yellow. 
A larger addition causes the glass 
to appear brownish-red while hot, 
and reddish-yellow when cold. 

R. F. : On platinum wire not 
changed. On Ch. with tin it be- 
comes, at first, gray and opaque; 
with continued blowing the nickel 
becomes reduced, and the glass 
clear again and colorless. 



In O. F. dissolves easily to a 
clear, colorless glass, becoming 
opaque by flaming with a certain 
addition, and with more becomes 
opaque of itself when cool. 

In R. F. a glass which, after 
treatment in the O. F., becomes 
opaque of itself, on cooling re- 
maining unaltered. 



In O. F. dissolves largely to a 
clear glass, yellow while hot, but 
colorless on cooling. 

In R. F., with a large addition, 
the glass becomes brown. The ad- 
dition of ferrous sulphate gives a 
blood-red bead. 
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TABLX n.-CoiitiiiiisiL | 


Metallic Oxides 

in Alphahfli^al 

Ordtr. 


Oh Charcoal alone. 


With Sodium Carbonate 
m CbarcoaL 


S. Cqppek 
Oxiw- 

CuO. 


O.F.: Fuses to n black 
globule, which becomes 
reduced where it ia in con- 
lacl wilh the charcoal. 

at a temperature below the 
tnelline-poitif of copper. 
When thrbeat is .nerv- 
ed, a globule of melaltic 
copper b (ibtained. 


soluble lo a limpid glass 
□f green color; 00 cool- 
ing it becomes opaque and 

R.F.: On charcoal easi- 
ly reduced to metal, which. 
H'hen the temperature is 
sufficiently high, fuses lo 
one or more globules. 


9. DiDVMlUM 

Oxide. 


Unaltered. 


Insoluble. The soda is 
absorbed by ibe coal, and ' 
the gray oxide remains be- 
hind. 


10. Gold 

Thiuxide. 


■When heated to igni- 

metal in 0. F. and R. F. 
Tbe metal fuses easily lo 
a globule. 


Does not dissolve in the 
soda, but U easily reduced 
in both flames, llie metal 
fuses readily to a globule. 
The soda passes into the 
charcoal. 


^V II. Indium 
^ Oxide. 


In the 0. F. becomes 
darlc.yellow when heated, 
but on cooling is again 
lighter, and docs not ftise. 

InlheR.F. is gradually 
reduced and volalillied, 

coal. A distinct violet 
flame js produced. 


In the 0. F. insoluble. 

In the R.F. is reduced 

on coal, and the melal 

the coal with oxide, white 
a portion may be seen as 
almost silver-while glol>- 
ules in the fused salt. 

D.F.: Doesnotdifsulve 
in the soda, but becomes 
reduced ; Ihe metal cannot 
be fused to a globule. 1 

R.K.! - --" " ' 


^^H IniDiuM 
^^H Dioxide. 
^1 


At a red heat becomes 
reduced; the reduced 
metal is infusible. 


»■ -■ 
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TABLE IL — Continaed. 



With Borax en Plalmnm iVir.: 

O, F. : A small addition of 
oxide makes ihe glass appear 
green while hot, bnt blue wh 
cold. A large quantity imparts 
it a yerjr deep-green color while 
hot, becoming greenish-blue when 
cold. 

R. F. : A glass containing a cer- 
laio quantit)' of onide becomes 
colorless, but on cooling becomes 
opaque and red (suboxide). On 
Ch. the copper may be predpitaled 
in the metj^tic state, the bead lie- 
coming in consequence colorless. 
A glass containing protoxide, when 
treated on Ch. with tin, becomes 
on cooling brownish -red and 
opaque. 



O. F.; As wilh borax, but fur the 
same amount of oxide the colora- 

R. F. : A gloss containing a 
large quantity of oside becomes 
dark-green, which in (he moment 
of refrigeration changes suddenly 
lo brownish red and opaque. A 
gloss containing but little oxide, 
when treated on Ch. with tin, ap- 
pears colorless while hot, but he- 
comes brownish-red and opaque 
on cooling. 



e O. F. soluble to i 
colorle-ii gla.4s, and remain 
tered in the R, K. When si 
saturated, becomes rose-coli 






ssolves with more difficulty 
than in l>orax, hul when strongly 
saturated is distinctly 
the R. F. 



_ln the O. f. dissoves to a t 

s, fiiebly yellowish while 

lurless «n cooling, and cioudy 

len mtich is added. 

"In the R. F. the glass is un- 

""chailgeil. On coal die oxide is i 

reduceil, votalililes, and coals the ; 

coal again wilh oxide. The flame , 

is violet even in presence of s>)da. | 



^^H As with 



I As with ^mbiiin opirlioi 



I 

Cl'-ss, 
jal. he- 

I 
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TABXS H— 0(mtiiia«d. 

MtlaUic Oxides 

IK A^abetiad Oh Charcoal alone. 
Order. 



O. F. : Fuses; and is re- 
duced with rffecvescence. c_,„i,,. „ -L,HaM 
The reduced meul be- .^'", ^- °^,- P-TZ 

»?" ■"»"!' ■'E°""'iUi. i«> Ei«., .»*. 

ind covers the charcoal ,. f ' _x;,^ 

.i,h ,dw™ di.»ia.>"*-iiss.S;, 



i8. Teu-urium 

Dioxide. 

TeO,. 



29. Thallium 

Monoxide. 
T1,0. 



On charcoal rediiced ""^ 
'^ """j"^ "m""-' "T "volatilized, depositing • 
R°F.f ■^s" in O pf ^'e ^•"''"^ of telluU. dlo.- 



Melts and is reduced 
with efTervescence to 1 
lallic globules, which vi 
'\\\te on continned blow- 1 

ng, and yield a slight a 

rnite coating. 



On charcoal is rrin™ 
. metal, with euoluHw 



nq^gW 



O. F. : The protoxide 
burns, like tinder, to di- 
oxide. The dioxide be- 
comes veiy luminous, and 
appears, while hot, yellow- 
i!ih, but assumes an cool- 
a dirty-white color. 
I. F. ; With a powerful 
continued flame it may 
be reduced to metal, a tri- 
fle of dioxide being formed 
ir the metal. 



O.F.: Onplatinnin*'" 
it forms with soda, with •^'' 
ferveacence, an intuMOie 
compound. 

R. F.T On chareoJ ^ 
duced to metallic tin- 
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TABLE n.— Continued. 



With Borax on Platinum Wire. 



With Salt of Phosphorus on Plat, 
inum Wire. 



O. F. : Soluble to a limpid and 
colorless glass, which, on charcoal 
becomes gray from reduced metal. 

R. F. : On charcoal becomes at 
first gray ; afterward colorless. The 
charcoal becomes coated with tel- 
lurium dioxide. 



As with borax. 



In O. F. dissolves readily to a 

colorless glass. When the cooled 

bead is heated below redness, the 

surface is colored brown; if the , , . , . v i.*.i ui 

V * I -J * J A. u J glass, which, when slightly blown 

heat be raised to redness, the bead!^ * , * * i • j 



In O. F. dissolves to a clear 



becomes again colorless after slight 
blowing. 

In the R. F. the bead acquires 
a grayish turbidity, which disap- 
pears on continued blowing. 



upon, becomes turbid. 

In R. F. on charcoal the yellow 
glass becomes gray and clouded. 



O. F. : A very small quantity dis- 
solves slowly to a limpid and col- 
orless glass, which remains so on 
cooling, and not becoming opaque 
by flaming. 

R. F. : From a highly-saturated 
glass a part of the oxide may be 
reduced on charcoal. 



O. F. : As with borax. 

R. F. : The glass, containing ox- 
ide, suffers no change on coal or 
platinum wire. 



BEHAVIOR OF METALLIC OXIDES. 

TABU IL — Contmaed. 

With Burax m Platinum Wirt. 

n •:■ i;< 1 i >.i . i' -jipid sl^ss. wtiicti, wlicn coiitatmiu 
O.F., Eu,l,„lubklo.l,mp,<l.P J ;^„^„.^ J 

gl«., .h,ch, when tommmB . .^n.",,,?, ,,., 'ii„Tt, ralo.los 

lai^quanlityjappeareyellow while .- 

bo., bul bmomo colorlo. on c«>l. ^ ,. ,°J- „„„ ,„, ,, 

,oe. Wboo ooottimoB " v.^ l"Et i„ „„ J^ , Jj ,„j ,„„; 

^nl,l, ,t n on.«,l-.h,lo when ^^^^ ^ ,ifl„ .olor. If Imoli 

r' F. . m.o oonnloLns b.t lil- P"— ■• ta s!™- °" '<»«"£. l"" 

, . . J. .. ,, ^, , coraeii btownish-red ; wjtn tin. Or 
,le tuan.um d.ox.de, .he glas. be- ■ ; 

comes yel™; when more d»,k. -7 

yellow xo l>mwn A salu^led glass ,^^ '^^^ j^^^^^^ ^/ , ^ 

able. 

O. F.; Easily dissolved to a lim- 
pid and colorless bead, which, 
when highly saturated, appears yel- 
n V T i- II .•" 'A low while hot. 

K:f:;ABi2Z°ltogC"i,i. ,'<■''■' "'"'';'V\"''S"e"" 

Whin niort it b«o«.» yolfo,, IT"" t"'"'.."., ™ coobn,; wuh 
.0,1, oo ooollbg, ydlo»i.b b,o.„ .l™s Uo-.."B«booom»,oncool. 

..... , . . J wilh lin, deep-ereen. If iron be 

produced with n less saturated . .u i i l 

1 J T- J _ .1. 1 ptc^eiit, the glass, on coo mij, be- 

bead. Tin deepens the colors. ^ ^^ brownish red- with lin 

I ch.ircoal ihe glass becomes blue, 
'or, if llie amount of iron be constd- 
criible, green. 

O. F. : Behaves like iron sesqui-; 
oxide. When highly saluraled the O. F. : Dissolves to a limpid jfeU 
glass may lie made enamel -yellow low glass, which, on cooling, be- 
by flaming. comes yellowish .green. 

R. F. : Behaves like iron stsqui- i R. F. : The glass assumes a dirty. 
oxide. The green bead, when at green color, which, on cooling, 
a certain point of saturation, may changes to a line green. Wilh 
bemadeblackbyflaming. Onchar- lin on charcoal the color deepens. 
coal with tin it Incomes dark.green. 
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Melallic Oxida i 

in Atpkabrtical 

OrJer. \ 



TABLE n,— Contmaed. 



On Charcoal alone. 



aliisible 



Fusible. Where it is in 
I conlact with the charcoal 
I it becomes reduced and 
passes into the charcoal, i.. i. - . i_ j ■_ .i_ 

tre and color of graphite, i 
,and consists of trioxidej 

iv,o,. 



Unites 



charcoal. 



35- Zinc 

ZnO." 



O. F.: When heated 
becomes yellow, and, on 
CDolins. white again. 11 n ^r^ • > .. 
rusesnol.butbec^mesveTT S' ?■■ ^1"^""=- ,. 
1. ._:_...; 'I R. F. : On charcoal it 

becomes redaced. Tbe 



R. F. ; Is slowly re- 
duced; the reduced metal 
liecomes ra[udly teoxldiz- 

I ed and the oxide deposited 
on another place of the 

; charcoal, being yellowish 



I cooling. 



ao^ »' 



■hite t 



metal vaporizes and c 
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TABLE n.~Contmued. 



With Borax on Platinum Wire, 



With Salt of Phosphorus on Plat- 
inum Wire. 



O. F. : Dissolved to a limpid 
glass, which, when the quantity of 
vanadium oxide is small, appears 
colorless, when larger, yellow, and 
which, on cooling, becomes green- 
ish-yellow; 

R. iP*. : The glass, while hot, ap- 
pears brownish, and assumes a fine 
chrome-green color on cooling. 



O. F. : Soluble to a limpid glass, 
which, if sufficient vanadium oxide 
be present, appears dark -yellow 
while hot, and becomes light-yel- 
low on cooling. 

R. F. : As with borax. 



O. F. : Dissolves readily, and in 
large quantity, to a limpid glass, 
which appears yellowish while hot; 
on cooling, it is colorless. When 
much of the oxide is present, the 
glass may be made enamel-white 
by flaming; and on a still larger 
addition it becomes enamel-white 
on cooling. 

R. F. : The saturated glass be- 
comes at first gray and cloudy, and 
finally transparent again. On char- 
coal the oxide becomes reduced, the 
metal vaporizes and coats the char- 
coal with oxide. 



As with borax. 



PART II. 
DETERMINATIVE MINERALOGY. 



CHAPTER VI. 

ON THE DETERMINATION OF MINERALS BY 
MEANS OF THE BLOWPIPE, AIDED BY HU- ' 
MID ANALYSIS. 

Rv the methods given in the preceding chapters we 
can readily detect the constituents of most inorganic 
compounds, whether prepared artificially or occurring 
in nature; especially if heavy metals form the principal 
constituents. But these methods do not enable us to dis- 
criminate the different native silicates and other mineral 
bodies, which consist essentially of S';ch substances as do 
not show any very characteristic reactions before the blow- 
pipe. In some cases we may succeed in ascertaining the 
principal ingredients of the substance under examination, 
but fail in establishing the mineral species. To attain this 
end more securely, we must pursue a course composed of 
an examination of the physical properties of the body 
and of blowpipe operations, aided by humid analysis. 
The course adopted in this " Manual " is that given by 
Franz von Kobell, as laid down in his "Tafein zur Be- 
stiramung der Mineralien," nth edition. 

The minerals, according lo Von Kobell's system, are 
arranged in two large groups, the first embracing those 
' possessing metallic lustre, the second those devoid of 
metallic lustre. To avoid mistakes, originating in the 
216 
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fact that some minerals occur sometimes with, and some- 
times without, metallic lustre, these minerals will gener- 
ally be found enumerated in both groups. 

The same precaution has been taken in regard to those 
species in which the degree of fusibility, whether below 
or above 5, may appear doubtful. 

In the examination of a mineral it is necessary to be- 
gin with ihc first group, and proceed 10 the following in 
the order given, for often a mineral belonging to one 
group has the characteristics of a following one; but the 
latter may not show the reactions of the former. 

The same care is necessary in observing the distinc- 
tions between the various divisions, sections, and species. 

These divisions are based upon the following proper- 
ties, and are determined as follows: 

1. Luetre. In the group of minerals with metallic lus- 
tre are placed only those which are perfectly opaque. 

If a thin splinter is held between the eye and the light, 
or placed upon a piece of white porcelain, and shows no 
transluceucy, it is considered as having metallic lustre; 
otherwise as without it. 

Moreover, the mineral should have the appearance of 
some metal as to lustre, and retain this to some extent at 
least after it is powdered. 

The minerals without metallic lustre yield an earthy 
powder, as well as some with the metallic, which in other 
respects might be considered as metallic. ^ 

Puaibility. The degree of fusibility may be ^ter- 
mined by the following scale: 

; fragments in the flame 



of 



1. Stibnite. Fusible i 
:andle. 

2. Natrolite. Fusible 



e splin 



i in the flame of a 



2l8 
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3. Almandite (Alumina-iron garnet). Easily fusible be- 
fore llie blowpipe, but infusible in the flame of a candle. 

4. Aetinolit*. Fusible ill coarse splinters before the - 

5. Orthoclaae. Fusible in fine splinters before the blow- 
pipe. 

6. Bronzite, Fusible on the points and edges of very 
fine splinters befort- the blowpipe. 

In order lo test tlie fusibility of a mineral, a small 
splinter, having a sharp edge or point, should be broken 
off" and held in the forceps at a short distance beyond the 
point of the inner blue flame, so that the sharp edge is 
strongly heated. If a gas flame be employed, ibe min- 
eral must be held somewhat farther from the point of the 
blue flame than is necessary in the case of an oil-lamp, in 
order to prevent any reduction taking place, which would 
materially interfere with the results. If a powdered sub- 
stance is lo be tested, or one which decrepitates when 
heated, and which must therefore be previously pulver- 
ized, the following process may be resorted to; A small 
quantity of the powder is made into a paste with water 
and spread upon a piece of charcoal ; it is then dried 
and strongly heated with an oxidizing flame; it will then 
(generally) cohere suflliciently to allow of its being taken 
up between the forceps and tested in the usual manner. 
Care must be taken that the substance, if a fusible one 
and one which acts upon platinum, does not fuse upon 
the platinum points of the forceps. 

The fusibility, when the same as actinolite, is desig- 
nated by 4 ; when between that of natrolite and alman- 
dite, by 2.5; and so on. 

A list of oxidized minerals, arranged according to 
' their fusibility and behavior with sodium carbonate be- 
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.t the end of this chap- J 
. introduced by J 



fore ihe blowpipe, may be found a 
ter, [lageigi. 

Hardnesa, The scale of hardni 
Molls, consists of the following minerals; 

1. Talc. Common laminated, lighi-green variety. 

2. GypSTUn; Crystalline variety. 

3. CaJcitO : Transparent variety. 
4 Pluorite: Crystalline variety. 

5. Apatite : Transparent variety. 

6. Orthoclaae: White deavable variety. 

7. Quartz; Transparent. 

8. Topaz : Transparent. 

9. Cormidlim ; Cleavable varieties. 

10. Diamond. 

The hardness of a mineral may be determined by at- 
tempting to scratch it with the minerals enumerated in 
the scale, or by abrasion with a file. If the file abrades the 
mineral under trial with th&same ease as No, 4, and pro- 
duces an equal depth of abrasion with the same force, its 
hardness is said to be 4. If with more facility than 4, but 
less than 5 , the hardness may be 4. a or 4. 5 . Several trials 

^ should be made to obtain accurate results; and, when ' 
practicable, both methods should be employed. 
In case a set of minerals like the above is not at hand ' 
e may estimate the hardness as follows: 

1. Yields easily to the finger-nail. 

2. Yields with difficulty to the nail; does not scratch a 
^H copper coin. 

^^B 3. Scratches a copper coin ; is also scratched by it, be- 
^^^bg of about the same degree of hardness. 
^^K 4. Notscratched byacoppercoin;doesnotscratchglas8. i 
^^L 5. Scratches glass, though with difficulty, leaving its j 
^^Bpwder upon it. Yields readily to the koife. 



^Efihoi 
^ferac 
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6. Scratches glass easily. Yields wiih difficnllyloita^ 
knife. 

7. Does not yield to the knire. Yields to the edge of 
B file, though with difficulty. 

8. <f, 10. Harder than fiinl. 

Color. The color of metallic minerals chaises on 
exposure to tlic air and light, and a fresh fracture shouU 
therefore he examined. With non-meiallic mineraib the 
lolor varies greatly. 

Streak. This is determined by rubbing ibe mineral 
upon a piece of unglazed porcelain and observing ihe 
color of the mark produced. If the mineral is very hanl, 
it may \k tested l>y scratching with a knife or file. The 
hireak of metallic minerals is generally darker than ihi: 
color of (he s|iecimen,ai]d the streak of the non-metal- 
lic is liglitcr. 

Bpeoiflc srravity. The ordinary chemical balance 
can be used for its determination, but the Jolly balance, 
dcsiTiheil on page 30, will be found much more conve- 
nient for ihis purpose, 

Orystallization and cleavage, if distinct, will ofltti 
aid largely in determining the species of the miners^ 

T]\v sysicms of crystallization are as follows: 

L iBOmetrlo. The three axes equal in length : 
[angular in intersections. 

U. Dlmetric or Tetragonal. The two lateral axes equal 
and unc([iial to the vertical; rectangular in intersections. 

m. Trimetrio or Orthorhombic The three axes iin- 
ci|iial and rcclannnlnr in intersections. 

IV. Monocllnio. The three axes unequal, and only one 
oblii|ue ini lination made by the intersection. 

V, TricUoiQ. The three axes unequal, and a 
inclined to one another. 



nd all oby^H 

J 
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VL Hexagonal The vertical axis at right angles to the 
three laiern.1, which intersect at angles of 60°. 

Water and formation of Hepar may be determined 
by methods already given (pars, 9 and 11). 

For most hydrates the temperature of a good gas flame 
is sufficiently high, but for some silicates, especially the 
magnesium, the strongest blast Same is necessary, with 
long- continued heating. 

Decomposition b; aoids. For this test the mineral 
should he ground as fine as possible in an agate mortar, 
and placed in some vessel in which the action of the acid 
and color of the solution can be distinctly seen, and boiled 
for a quarter of an hour if necessary. If there is no appa- 
rent change in the powder, the liquid should be decanted 
or filtered, and then tested with ammonium carbonate in 
excess and a few drops of sodium phosphate. If no pre- 
cipitate or cloudiness is formed, the mineral has ifbt been 
decomposed. 

Formation of a Jelly. If silicates finely powdered 
are heated with phosphoric acid until the acid begins to 
fume, then cooled, water poured over the substance and 
evaporated by boiling, the silica separates in form of a 
jelly. Many silicates gelatinize after ignition, as, for 
example, garnet, vesuvian, etc. Some splinters or small 
fragments of the assay are fused or ignited, finely pow- 
dered, and boiled in a test-tube with dilute acid. On 
evaporation, lumps of jelly may be seen, or, if left stand- 
ing for some time (twelve hours), a stiff jelly may be 
formed. If water is added, stirred with a glass rod, and 
then filtered, the solution may be tested for bases with 
ammonium hydrate, ammonium oxalate, etc., for alumj- 



Pyro -electricity. Electricity is developed in some 
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minerals by he.il. They may be tested with a deer's haii 
or wilh fibres of wool or cottoD. 

When the mineral is transparent, a Nicol prism and tbe 
Von Kobell siauroscope will be needed for delermining 
its optical properties. 

It is scarcely necessary to add that only pure and ho- 
mogeneous material will give definite and salisfaclory 
reactions. If the material is found to be impure, regard 
must be had Id ibis fact, and cooclusians made accord- 
ingly. Many specimens of wollasionile effervesce wilh 
acids — a properly which does not belong to the mineral, 
but conies from the calcJte mixed with it. 

Well-known species, wilh marked characteristics, should 
be studied until some practice is acquired, and then oth- 
ers requiring more careful observation and study may be 
examined. 



ajwj 



SYNOPSIS OF T.VBLES. 

GROUP I. MINERALS WITH METALLIC LUSTRE. 

(Of th.ise minerals whose lustre may be uiiceriain, only 5uch are 
jiHced in ihis gtoii]! ai are petrefily opaque.) 

CLASS L Native malleable metals and merciuy,page3a6 
CLASS E Fnsibility 1-5, or readily volatile. 

Divisloil 1. Before the blowpipe on charcoal give the 
strong garlic ixlor of arsenic, . , . p. 337 

DlTision 2. Before the blowpipe on charcoal, or in the 
o|)eii lube, fjjve the horse-radish odor of jc/cfl/V/M, p, ai9 

Division 3. Before the blowpipe on charcoal give i 
¥hile coating, and color the reducing Same green; i" 
presence of selenium, greenish -blue. \( gent.'y heated in 
a small test-tube with an excess of concentrated sulphuric 
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'■ acid, it colors the add hyacinth-red ; but if water is added 
the color disappears, and grayish-black tellurium is pre- 
cipitated, p. 230 ' 

Division 4 . Before the blowpipe on charcoaJ t 
antimony fumes, . . . . , .p. 

Division 5. Before the blowpipe on charcoal give * 
soda a sulphur reaction, or, heated in an open glass tube, 
give off sulphur dioxide, but do not give reactions of the 
preceding divisions, p. 233 

Division 6. Do not belong to the preceding divi 
io"s, P- 335 I 

CLASS ni, Infusible, or fusibility above 5, &nd not 

volatile. 

Division 1. Before the blowpipe give to the borax 
bead, in very small quantities In the oxidizing flame, an 
amethyst color {manganese) p. 23G | 

Division 2. Magnetic, or before the blowpipe on 
charcoal become so, if strongly heated in the redu< 
««>ne p. 

Division 3. Not belonging to the preceding divis- 
ions P- 238 

GROUP n. MINERALS WITHOUT METTALLIC LUSTRE. 
CLASS I. Easily volatile, or combnstible, . p, 339 
CLASS n. Fusibility 1-5; not, or only pailially, volar J 
tile p. 240 I 

PART I, Before the blowpipe with soda on char- J 
coal give a metallic globule, or, fhsed alone in \ 
reducing flame, a magnetic metallic maas. 
Division 1. Before the blowpipe give with sor 

globule of sih'er, . . . . . , p, 240 1 



224 DRTERMINATIVF. MINERALOGY. 

Division 2. Before the blowpipe give wiili sods a 

glijliiilt III AW, p. 240 

Division 3. Before ihe blowpipe, moistened with hy- 
drochloric acid, color the flame blue, and give with nitric 
acid a solution which, on addition of an excess of ammo- 
niiitn hydrate, assumes an azure-blue color {cofptr). 
Section L Before the blowpipe on charcoal give a strong 

antnic odor ?■ 843 

Section 2. Before the blowpipe on charcoal give i>o arsenic 

°^°'- ; _ P- 244 

Division 4. Before the blowpipe impart to the borax 
bead a s;i[jph ire-blue color [cobalt), . . p. 345 

Division 6. Before the blowpipe fused in forceps, or 
on charcoal in reducing flame, give a black or gray me- 
tallic magnetic mass. 

Seotion 1. Give during fusion on charcoal a strong arsenic 
odor p. 245 

Section 2. Soluble in hydrochloric acid, without leaving a 
perceptible residue and without gelatinizing, . . p. 246 

Section 3. With hydrochloric acid getatiniie or decompose, 
with separation of silica, . . . . .p. 2^ 

Section 4. Rut liltlc affected by hydrochloric acid, p. 250 

Division 6. Not belonging to either of the preced- 
ing divisions p. 251 



PAET n. Fused with soda on charcoal give no 
metallic globule, or, fused alone in reducing 
flame, no magrnetic metallic mass. 
Division 1. After fusion and continued heating on 
charcoal in the forceps or on platinum foil, have a 
kaline reaction, and change to reddish-brown t 
of moistened Iiinneric paper. ( Fragnienis, and D 
der, should be used.) 



■wo the cai|^^J 
and not^^^^l 
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Easily and completely soluble in water, p, 253 
. Insoluble, urdilTicullly soluble in water, p. 254 
liTisioil 2. Soluble in hyrlrochloric acid without leav- 
j^aperceptible residue; some also soluble in water; not 
itinized by evaporation, . . . .p. 255 

Mviaion 3. Soluble in hydrochloric acid, forming a 
f jelly, especially after partial evaporation. 

tlon 1. Before the blowpipe In a matrass give water, 

P- 357 

'' Section 2. Before the blowpipe in a matrass give no water, 
or only traces p. 258 

Division 4. Soluble in hydrochloric acid, with sep- 
aration of silica, without forming a perfect jelly. 

Section 1. Before the blowpipe in a malrass give water, 
p. 260 

Section 2. Before the bloivpipie in a matrass give no water, 
or only traces p. 263 

Division 5. Little affected by hydrochloric acid. Be- 
fore the blowpipe give an amethyst color to the borax 
bead {manganese), p. 264 

Division 6. Not belonging to the preceding divis- 
ions, p. 265 

^P GLASS m. Infusible, or ftBibility above 5. 
^* Division 1. After ignition, moistened with cobalt 
solution and again ignited, assume a bright-blue color 
{a/umina). 

Section 1. Before the blowpipe in a matrass give much 
water, ......... p. 271 

Section 3. Before the blowpipe in a matrass give no water, 

or but a trace p. 274 

Division 2. Moistened with cobalt solution and ig- 
nited assume a green color {ziic), . . . p, 276 



^ 



226 DETERMINATIVE M/AS/iALoay. 

Division 3. After ignilion have an alkaline reaction 
and change to reddish-brown, the color of moistened tur- 
meric [iaj>er, p. 276 

Division 4, Completely soluble, or nearly so, in hy- 
drochloric or nitric acid, without gelatinizing by evapora- 
tion or leaving a considerable residue of silica, , p, 37B 

Division 5. With hydrochloric acid gelatinize or de- 
compose, with separation of silica. 

Section 1. Bi;fore the blowpipe in a matrass give water, 
p. 3S1 

Section 2. Beforethe blowpipe in a matrass give no warer, 
or but a trace, p. 283 

Division 6. Not belonging to either of the preceding 
divisions. 

Section 1. Hardness belov^ 7 p. 284 

Section 3. Hardness 7. or above 7, . . . p. 288 



GROUP I. MINERALS WITH METALLIC LUSTRE, 

(Of tliose minerals wli.ise mKlalRc lustre is doublful, only sutli » 
are perfectly opaque are included in (his group.) 

CLASS L Native malleable metal8 and menmiT. 
Maldonift, Au,Bi. Color, silver-white streaked wilh 

black. Easily fnsible on charcoal, giving a bismuth 

coating and a gold bead. ^^— 

Silver, see par. 286, Chapter VII. Gold and ^^k 

trum (alloy of silver and gold), see par. 235. ^^| 
Copper, see par. 218. ^H 

Lead, characterized by coating on charcoal (see par. 

37) and softness; H. — 1.5. 
Platinum, see par. 237. Iridosniine (lrOs),-& 
Palladium, distinguished from the precedinf 

soluble in nitric acid. Color steel-gray. 



Lis), see par. M& 
ceding bjr |^^| 
In fiisibte^^^H 
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Native Iron, see par. 239. 

Mercury, see par. 276. Amalgam Ag, Hg, and Ag.Hgj. 
Argentite and IJessite are malleable, for which see 
par. 287 aiid p, 230. 

CLASS a Fusibility 1-5, or readily volatile. 
Division 1. Qivs a strongr arsenic odor on char- 
coal. 

Arsenic, see par. 203. 

Du/re nay site, see par, 170; SartoHle, Pb,As,S,. Before 
the blowpipe nearly the same as dufrenoysUe, but decrep- 
itates strongly ; H.^3. yorilanite, PbjAs.S,. Color, 
lead-gray; streak black. Tennantile, Cu,Ah^S,. Color, 
iron-black; streak gray. Epigenile (Cu,Fe},As,S,„ t 
ilar in its properties, but is trimetric in crystallizat; 

PoJybaeite, see par. 293. Donieykite, see par. : 

BiniiiU, CujAs.S,. In the tlosed tube gives a sublimate 
of arsenic sulphide; in the open tube, a crystalline sub- 
limate of arsenic tri<ixide, with sulphur dioxide. Before 
the blowpipe on coal gives a faint white coating and odor 
of arsenic ; with soda fuses to a globule, giving metallic 
copper. Lustre metallic; color black on fresh fracture; 
streak cherry-red ; brittle, H,=::4.5; G. = 4.4. 

Enargite, Cu3As,S^. In the closed tube decrepitates 
and gives a sublimate of sulphur; in the open tube gives 
off sulphur dioxide and arsenic trioxide, the latter con- 
densing to a sublimate containing often antimony triox- 
ide. The roasted mineral gives a globule of copper with 
fluxes. Lustre metallic; color and streak grayish-black; 
brittle; fracture uneven. H. = 3; G.^4.4. 

RioniU (Cu,Fe)s(As,BiJ^g. With sulphur and potas- 
sium iodide gives the red bismuth sublimate. 

Algmionite, Cu^As. H, = 4; G. = 7.6. See par. zaz. 
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WhitHfyite, Cu,As. Less fusible than algodcwiile; other- 
ise as in domcykite. Massive; crystalltnc; i-ery finr 
agranular. Lustre dull, but strong metallic where scralch- 
ed; soon tarnishing. Color bronze to reddish- white, be- 
coming brown and black on exposure. Malleable. H.= 
3.5; 0. = 8.3. 

Smaltite, see par. 214; Cobaltite, see t>ar. ai;. 
Skutteruiiite, Co.As,; G/ainc/o/ {Co.Fe}, AsS; A/Md- 
jiy^(Co,Fe,/,n).(;As.Bi),Ss. Before the blowpipe all givei 
Bapph ire-blue color to the borax bead. Decomposed with 
nitric acid, with separation of arsenic trioxidc, forming 
a red solution. In a concentrated solution of alloclasite, 
water gives a cloudiness, but not in the others. Smaltite, 
skuttcrudile, and glaucodot, heated in a matrass, give » 
Buhlimale of metallic arsenic. Cobaltite gives none. 
The strong acid and dilute solutions of cobaltite and 
glaucodot give a precipitate v^ith barium chloride; the 
BoUitions of smallite and skiitterudite, none or a very 
umall one. Smaltite has octahedral cleavage; skuiierud- 
ttc, cubical. 

Some varieties contain nickel and resemble chloan- 
ihitc, in which case the nitric acid solution is green. 
The nickel varieties are distinguished by decomposing 
the powdered mineral with a small amount of concen- 
trated nitric acid, carefully neutralizing with ammonia 
without filtering, and afterward filtering without dilutinfi. 
The filtrate will have a fine blue color. 

CiMCopyrite, Fe, Co, Cu, Sb, As. S. Reactions sim- 
ilar to glaucodot. H. = 4.5; G. = 7.iB. 

Compare the following minerals, also native bismuth, 
which often contain cobalt as an impurity: 

Niocolite.scepar. 380; Gersdorffite.^t&'^x. 281; CkU- 
anihiU or Chalhamile (var. of Sma!tUt),(S^o,¥e,Vii)(^ 




r 



MINERALS WITH &IETALLIC LUSTRE. 229 

distinguished from gersdorflite by not giving the reactions 
for sulphur. The proportions of Fe, Ni, and Co vary 
greatly. 

Rammelsbergile, NiAs, (similar to chloanthitej. In 
closed tube gives a sublimate of metallic arsenic. See 
also Corynile, Ni(As,Sb)S, which before the blowpipe, on 
coal, gives the smell of arsenic and fumes of antimony. 
Color silver-white to steel-gray. Wolfachile, Ni(_As,Sb)S. 
Similar in composition, but trimetric in form. See Ull- 
maiinite, page 282; Arsenopyrite, see par. 243. 

lidlingrite, FeAs,. Fuses only on the surface, and with 
difficulty after the arsenic is driven off. G. =6.8-8.7. 

Compare also bismuth and antimony, which often con- 
tain arsenic, but are easily recognized by the white or 
yellow coating on coal. Promiitf and Fyragyrile often 
have metallic lustre, but are recognized by their red 
streak. See pars. 290, 291. CfofrcwVe also contains ar- 
senic, see par. 256. 

Division 2. Before the blowpipe on charcoal, or 

in an open tube, give the horse-radish odor of 

selenium. 

TXcmamih; HgSe, Lehrbachite (Hg.Pb'jSe. Mercury 
and lead selenide yield metallic mercury on being heated 
with soda in a closed glass tube (par. 105); the latter 
yields a globule of metallic lead on being heated on 
charcoal with soda. 

Gauiiakazan/e (Hg,Zn)(S,Se ). General properties like 
the preceding, but gives ibe sulphur reaction. 

Clauslholile, PbSe. Color lead-gray ; volatilizes wilh- 
out previous fusion, depositing first a slight gray, then a 
white, and finally a yellowish-green coating; with sod;i 
yields with difficulty globules of lead. 
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NaumantiiU (Ag,Pb)jSe,. Color iron-black; meks 
readily, and yields with borax a globide of pure sil«i. 

BeneHaniU, Cu.Se, and Eu^airite (Cu,Ag)^. Color 
of ihe former silver-white ; of ihe latter lead-gray. Dis- 
tinguished from the foregoing minerals of this division 
by giving copper reactions. 

Crookesite (Cu,Tl,Ag)Se, is similar, containing 17.55 
per cent, of thallium, and coloring the flame bright- 
green, Zorgite (_Pb,Cu,)Se, colors the flame blue. j 

Dirlsion 3. Before the blowpipe on charcoal give 
a white coating and color the reducing flame 
green; in presence of selenium, greenish-blue- 
The assay-piece used for this experiment ought not lo 
be very small. It must be borne in mind that the min- 
erals of this division frequently evolve an odor of sele- 
nium, owing to a small percentage of selenium which 
they contain as adventitious constituent. 

The minerals of this division may be subdivided ac- 
cording to their color. 

a. Ores of tellurium, of lin-whiU, sUver'White , or rtil- 
dish-white color. 

Native Tellurium fuses readily and is volatile without 
leaving a residue. 

Melonite, Ni.Te^. Hexagonal; reddish-white, dark- 
gray streak. 

Hessite, Ag,Te (sectile), and AUaite, PbTe, and some 
varieties of sylvanite (par. 236'), yield with soda on char- 
coal a globule of melallic silver, with sometimes consid- 
erable gold. In Petzite (Ag,Au)„Te fbritlle), nearly all 
the silver is replaced by gold. MillUriU, Au, Ag, Pb, 
Te, and Sb. 

b. Ores of tellurium, of lead-gray or steel-gray color. 
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^etradymito, see par. jog. Syh'aniu, see par. 236. 
'^ouite Bi,;ie^SeS,. 

Z^'Ogite |Pb,Au)(Te,S),. Color, blackish lead-gray. I 
inguished from Ehe preceding by lis solution iu nitric 1 
acid giving a copious precipitate with sulphuric acid. 
Compare aikenlte. 

Division 4. Before the blowpipe on charcoal give 
antimony fumes (see par. id) with a pure white 
coating. 

The fumes possess sometimes the odor of sulphur di- 
oxide or arsenic. 

Antimony, distinguished by its tin-white color. Be- 
fore the blowpipe it takes fire and burns without blowing, 
and bei omes covered with white needles of antimony 
oxide. Stibnite, see par. 200; Zinkenile, see par. 256; 
Jam(>SOnit^, see par. 256; Boumonite, see par. 256. 

The powdered slibnite, on being treated with caustic 
potash, assumes a yellow color, and is for the most part 
dissolved, while the latter three minerals, which are steel- j 
or lead-gray, do not change color. Boumonite, on being 1 
treated with nitric acid, imparts to the solution a sky-blue I 
color. This solution, with sulphuric acid, gives a white , 
precipitate of lead sulphate, and with an excess of am- 
monia becomes violet-blue. StylolypiU {C\\^Kg^t)^\t^i, 
is similar to boumonite, but no precipitate is formed with 
sulphuric acid from its solution in aqua regia. Zinkenite 
and jamesonite are converted into white powders by treat- 
ment with nitric acid, without imparting a color to the J 
acid; they are distinguished by their hardness, that of 
zinkenite being 3.5, that of jamesonite, 2.5. The for- 
mer has no cleavage, while in the latter it is very marked 
in one direction. 
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Closely resembling the above in their chemical behavior 
■re the following rare minerals: Boalangerite, see par. 
856; Geocronite, see par. 256; Fla^onite, see par. 
8561 Meneghi-mte, see par. 256. 

KoMlilc. l't.,BiSbSs. Color lead-gray ; soft and fibrous, 
With sulphur and potassium iodide gives the bismuth re- 

tioti. The nitric acid solution gives a white precipitate 

th sulphuric acid. 

FreiberBite (CuAgjjSb.S,. Color steel-gray. Gives 

e silver, sulphur, and copper reactions. H.^3.5; 
G.— 4.8. Isometric. 

Dysrrasile, see par. 289; Stephanite, see par, 192 1 
some varieties of Tetnihedrit<*, see par. 225 ; Mtargyr- 
ite, AgSbSj. All give the sulphur reaction except djs- 
crasite. Tetrahedrite gives a copper reaction on being 
treated as described in par. 90. Miargyrite, streak dark 
cherry-red ; stephanite, streak black ; miargyrite and steph- 
anite, H. = 2.5; tetrahedrite, H.~3,5. All the mine- 
rals of this subdivision give a globule of silver on b 
treated as described in par. 117, or 118. 

Brongniardite , Ag.PbSb^j. Isometric ; fuses eat 
Dissolved in nitric acid, lead sulphate is precipi 
sulphuric acid. 

FrfitsUbtnite, Pb^gjEb^Sg, behaves in the same \ 

It is monoclinic. Compare also Pyrar^rite. 

Spaniolite (Cu,Hg),Sb,S„ mixed with soda and j 

ings, covered with cop]>er foil, and healed i 
tube, yields mercury. The nitric acid solutior 
Excess of ammonia, becomes blue. 

Ckakostibite [antimonial copper], CuSbS,, docs I 
give a globule of silver, but yields a globule of n 
copper on being treated with soda on charcoal, 
■gray to iron-gray. 
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UllmanHite, see par, jSi; Berthierite, see par. aoi; 
BreithauptiU, Ni,Sb. All yield a magnetic globule with 
continued heat. Breilhauptite is distinguished from the 
other two by not giving a sulphur reaction. Color bright 
copper- red. 

Division 5. Before the blowpipe on charcoal give 

with Boda a sulphur reaction, but do not give 

the reactions of the preceding divisione. 

Argentite, see par. 2S7; yalpaite, see par. 287; 
AcanlhiN, see par, 287. 

Galeiiitft, see par. 155. 

Cinnabar, see par. 277. Metacinnabarite is amor- 
phous HgS; streak, black; H. = 3; G.^y.ya. 

AlahanJile, MnS. Isometric. H. ^3.5. Color iron- 
black; powder leek-green ; lustre submetallic, 

Hau(rile, MnS,. H. = 4. Color brownish -black; 
powder brownish-red ; lustre metallic adamantine. VieUls 
sulphur on being healed in a matra.ss. These manganese 
minerals, boiled wilh a mixture of phosphoric and nitric 
acids, give a fine violet solution. In the borax bead give 
also a violet color. 

('halCOCitP, see par. 219; Siromeyeriie, see par. 288; 
Stannite, see par. igS; Cbalcopyrite, see par. 220; 
Borilite, see par. 221; Cuhanite, Cu.Fe^.; Wittidienik, 
Cu,BiSj; Enipleelite, CuBiS^, color tin-white; Aikinitc, 
CnPbBiS,; GrunauiU. Ni,Bi,Fe.Cu,S; CupropbtmInU , 
Cu.,S,2PbS; P€»tliWdilf (Ni,Fe,S. All these minerals 
are partially soluble in nitric acid, the solution ijossess- 
ing a sky-blue or green color; on addition of water to 
the concentrated solution, a white precipitate is produced 
if the mineral under examination were witlichenite, grii- 
nauite, oraikinite. [To distinguish these three, add to 
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the acid soluiion sulphuric acid: a precipitate indicita 
aikinite; wiitichenite gives the copper reaction on being 
treated OS described in par. go; griinauite not.] CW- 
copyrite and ciibaniie are distinguished from ihe others 
by their brass-yellow color; bornitc is also characteriied 
by its color. To distinguish the remaining four minerals, 
make a solution in nitric acid; add sulphuric acid : a pre- 
cipitate indicates cuproplumbite ; if no precipitate is pro- 
duced, add hydrochloric acid : a precipitate indicates atio- 
meyerite; to distinguish between chalcocite and aKmnite, 
see pars. 119 and 298. CasHllite resembles bomite. 

Hnascotite, a zineirerous variety of galenite. 

Millerite, see par. 279; LinnEeite, see par. aijl 
Pyrit*, see par. 240; Marcasitf>, see par. 241; Pjr 
rhotitf , see ])ar. 242 ; Sternbergile, AgFe^S,. The mem- 
bers of this subdivision fuse to globules which are attracied 
by the magnet. They are readily distinguished by tii^ 
characteristics given in Chapter VH. Sternbergile, bj 
the treatment described in par. u;, yields a globule of 
silver. Marcasite, trimetric, and pyrite, isometric, can 
only be distinguished by their crystalline form. 

CarmlliU, Co^CuS,. Tin-white color. Reactions sim- 
ilar to linnaeite, but also, when moistened with hydro- 
chloric acid, gives a blue color to the flame. 

BeyrUhiU, Ni^S,. Color lea<I-gray. Reactions like 
milleriie, but gives sulphur in ihe closed tube. 

Bismuth mite, see par. 208; Chiviatite |Pb,Cu,V 
Bi,,S,,. Decomposed with nitric acid, with separation of 
lead sulphate. 

Bisiiiite, Bi,,0,. Pulverulent or earthy. Color greeH" 
ish-yellow to white. 
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Division 6. Do not belong to the preceding di- 
visions. 

Amal)^am, see par. 27C; Arguerite, see par. 276. 

Bismuth, see par. 207. 

Rabdwnit€> (Cu,Mii,CoJ(MnFe)0,. Stalactilic; color 
black; streak metallic gray, Colors the borax bead blue; 
heated with phosphoric acid, colore the solution violet. 

Hematite, see par. 244. 

Cuprite, see par. 227. Often with weak metallic lustre. 

Magnetite, see par. 246. 

Hortonolite ( Fe, MgjzSiO,. yellowish-black, and Pay- 
alite, Fe^iO,, black, and both magnetic before ignition, 
and gelatinize in hydrochloric acid. 

Wolframile (Mn,Fe)WO.. H. ^ 5-5.5; G. = 7.1- 
7.5. Monoclinic. Lustre subtnetallic; streak dark red- 
dish-brown to black; opaque; sometimes magnetic; 
color dark-grayish or brownish-black ; fusibility 3. The 
pulverized mineral, on being boiled with aqua regia, is 
decomposed and assumes gradually a yellowish color, 
Boiled for some time wiib phosphoric acid, gives a fine 
blue syrup, especially after cooling {tiings/rn). If diluted 
with water it becomes reddish-yellow, and finally colorless. 
On the addition of iron filings and sulphuric acid, and 
shaking, it gradually becomes sapphire-blue. This solu- 
tion, diluted with water, loses its color again after a little 
lime. If the blue syrup is treated with phosphoric and 
nitric acids it bei'omes violet (rnangnnese). 

The variety dianitf, when treated as above, gives, when 
boiled with tin foil and concentrated hydrochloric acid, 
and diluting with its volume of water, a sapphire-blue fluid ; 
while with the lantalite and ordinary columbiie the metal- 
lic acids remain undissolved and the filtrate colorless. 
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The color of this mineral is iroii-black; the powdemt 
yttrotanialite, grayisli; of dianite, grayish-blact, also 
re<](liah-brown; of columbiie, brownish-black; of tanta- 
lite, brown. 

Samarskile, Cb,0„Ta,0„WO„SnO„ThO„ZrO„UO„ 
MnO,FeO,CeO,yO,CaO,H,0. Color velvet-black; lus- 
tre of surface of fracture shining and submetallic; stresk , 
dark reddish-brown; fusibility 4.5. By fusing the pul- 
verized mineral with potassium hydrate in a silver cru- 
cible, boiling the fused mass in water, it gives a green 
solution, which is filtered; hydrochloric acid gives a 
while precipitate. If this is boiled with concentrateil 
hydrochloric acid and tin for a few minutes, an equal 
volume of water added, it gives a bright-blue solution. 

Bhodonite, dark varieties, MnSiO,, slightly acwd 
upon by acids. In a fine powder turns white in hydro- 
chloric acid, with slight separation of silica; in oxidising 
flame, colors the borax glass amethyst. 

Some varieties of Psilomelane, see par. 272, 

Fayalite, Hvaite, and Allanite, some varieties, see 
Div. 5. p. 249. 

Plattuenle, PbO,. Color iron-black ; lustre metallic- 
adamantine ; streak brown; opaque; easily reduced 1« 
metallic lead with soda. G. ^^g.s- 

CLASS m. Inftisihle, or fusibility above 5. and non- 
volatile. 
Division 1. Before the blowpipe give to the 
borax bead, in very small quantitiee in the 
oxidizing flame, an amethyst color {mangnw^i^- 
The members of this division are distinguished from 
each other principally by their physical properties. 
The manganese oxides are more or less easily soluble 
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in hydrochloric aoid, with evolution of chlorine. If pow- 
dered and boiled with phosphoric acid to a syrupy con- 
sistency, the solntion becomes a fine violet color, which, 
diluted with water and shaken with some crystals of fer- 
rous sulphate, becomes colorless. 
Cumpare tranklinite, in Ihe neit division, which is alsu magnetic. 
Litbiophorite, MnO^AI^O^.LiO.H.O, colors the flame 

Braunite, see par. 270; Hmismannite, see par. 269; 
Psilomelane, see par. 273; Pyrolusit**. see par. 268; 
Frailklinite, sotne varieties, see jiar. 247; Mangfanits, 
H,MnO,. Color steel-gray lo iron-blatki streak dark 
reddish-brown. H. ^ 4. Yields much water in a ma- 
trass. Otherwise like braunite. 

Crednerite, Cii,Mn,0,. H. = 4.5. Lustre metallic; 
color iron-black to steel-gray; streak brownish-black. 
Moistened with hydrochloric acid, gives a fine blue color 
to the flame. Dissolved in hydrochloric acid with an ex- 
cess of ammonia, a precipitate is formed and a blue solu- 
tion, which is not the case with the foregoing. 

Compai'e AlabaniiiU and Haiierilc. 

Division 2. Magnetic, or, heated on charcoal in 
the reducing flame, become magnetic. 

Lolingite and Arseiiopyrite, some varieties are infusi- 
ble, but may be distinguished by the arsenic odor given 
off on charcoal before the blowpipe. 

Hematite, see par. 244; Turgite, see 250. 

Frank) initio, see par. 247. Magnetite, see par. 246. 

Jacobsite (Mn,Mg)(Fe,MnlO.; Magnesiofernte, Mg- 
^eO,. Color and streak of both minerals black; more 
or less magnetic without heating ; dissolve with difliculty 
in hydrochloric acid. After oxidation of the solution 



238 DETERMINATIVE MINERALOGY, 

with potassium chlorate, and precipitation with an excess 
of ammonia, sodium phosphate precipitates the magnesia. 
Jacobsite gives the manganese reactions. 
Meiiaceaiiite^ see par. 245. 

Compare Rut'iUy Arkansite, and Anatctse^ which are often mag- 
netic from the presence of titanic iron, or become so after continued 
ignition. They are scarcely attacked by hydrochloric acid. 

Some varieties of Limonite^see par. 248, Siderite, and 
Sphalerite, see par. 300, have metallic lustre. See Graphite. 

Division 3. Not belon^ingr to the preceding 

divisions. 

Chromite, see par. 212. Cassiterite often has a sim- 
ilar metallic lustre. Easily reduced on charcoal with po- 
tassium cyanide. 

Molybdenite, MoS^; Graphite, C, see par. 305. Both 

very soft; hardness 1.5. Molybdenite, when heated in 
the forceps, colors the flame greenish, and gives a sul- 
phur reaction when treated as described in par. 121. 
Color bluish-gray; sectile and nearly malleable. De- 
composed by nitric acid, leaving a white or grayish res- 
idue of molybdenum trioxide. 

Perofskite, C2iT\0y Isometric. Gives the reaction for 
titanic acid as described in par. 125. Distinguished by 

crystalline form. 

Coin pare Riiiile and Brookite^ Div. 6, p. 287. 

Iridosmine, see par. 238. 

Tantalite, Fe(Mn)TaA, and Coliimbite, FeCb,(Ta,)06; 
Yttrotantalitc (Fe,Ca,Y),(TaCb),07. The color of these 
minerals is iron-black; yttrotantalitc loses its color before 
the blowpipe and becomes yellowish or white; that of the 
others remains unchanged. Acids affect them but little. 
If tantalite and columbite are powdered, fused with caus- 
tic potash in a silver crucible, dissolved in water, and fil- 



r 



MINERALS WITH METALLIC LUSTRE. 



239 



tcred, a precipitate is formed with !iydrochloric acid, 
which, boiled with dilute sulphuric acid, becomes white; 
on the addition of zinc the precipitate from the colum- 
bite becomes intense blue in the hot solution, and retains 



;r for a considerable time, 
lighter colored, and loses 



nnd Msehynili, Div. 6, p. 287. 
illy velvet-blat 



this color on the addition of w 
The precipitate from tantalite 
its color quicker with water. 

ComjHie Polrcrnsi, Div. 4, p, 2S 

Uraninite, Ups- Color 
greasy; partially soluble in nitric acid to a yellow liquid ; 
the solution gives a sulphur-yellow precipitate with am- 
monia. Boiled with phobphoric acid gives an emerald- 
green solution. 0,^6.4-7. 

GROUP n. MINERALS WITHOUT METTALLIC LUSTRE. 
CLASS I. Easily voIatOe, or combustible. 

Native Hiilphnr, S. H.:^i. 5-2.5; G.^a. Com- 
pletely volatile; burns with a blue flame and cmissiun of 
sulphur dioxide. Color sulpbur-yellow, honey-yellow, and 
gray or brown from impurities. 

Bealgar, see par. 205 ; Ol*pilll(^llt. see par. 204, 

Arscnolitt. see par. 206; KermeBite, see par. loz. 

Valentinite, SbjOj. Trimetric. Color white; streak 
white; lusire adamantine; does not change color with 
potassium hydrate; does not evolve sulphuretted hydro- 
gen with hydrochloric acid, but dissolves easily. 

Senarmontite, SbjO,. Isometric. Lustre resinous, 
inclining to sub-adamantine; streak white. 

Sal-ammoniae, NH,C1 ; Mascagnite (NH,)„SO, -)- aq. 
Color while. Both evolve ammonia with potassium hy- 
drate; the former is volatile without previous fusion ; the 
latter intumesces. It also gives a precipitate with barium 
chloride. 



340 



DE TER.\r/XA T/l'E MIXER A L OG Y. 



Cinnabar, see par. 277; Calomel, see par. 178- 
Colunmte, PbCI,. H. =2; G. = 5.2. Color Mid 
sircak yellowish -white. Fuses easily on coal, volaiiliics, 
and gives a while coating, the inner edge of which it 
tinged yellow; with soda on charcoal gives globules of 
metallic lead. 

CLASS a Fasibility 1-5 ; not. or only partiaJly, 

volatile. 

PART I. Give with soda on charcoal a metol- 

lie globule, or, fused alone in reducing flanWi 

a magnetic metallic mass. 

(All minct.ils WLthuiit melallic luslre, which give ihe aisenic odur. 

belong lu thia group, excepting pharmaculLle.) 

Division 1. Give with soda a globule of Bilver. 
(It is well totuhe the gl.ilmle wil!i Lioiiix. in order lo liaviiitq*^ 



pure 



nalleable.; 

; Pyrargyrite, see par. 190I 



ProuBtite, see par. 2 
XiiiilhucomU, Ag,ASjSj„, behaves like proustite. from 
whirh it is distinguished by its orange-yellow color and 
streak. 

Compare Mynr^yrite, Di». 4, p. 232. which is often very similaf '" 
Pymrgyrite. The G. of the former is 5.2, and of the lallcr S-l- 

Cerargyrite, see par. 294 ; loilyrile, see par. 297 ; £*■ 
bolili:, see par. 396. .\11 malleable and sectiie. 

Division 2. Give with soda a globule of lead. 
The minerals of this division are all soluble in ni"'''^ 
acid; the solution gives a copious precipitate with sul- 
phuric acid. If dissolved by boiling with caustic potash* 
potassium chromate directly, or on addition of acetic atiiii 
gives an orange precipitate. 
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Bindheimite, PbjSbaOg + 4aq, and Nadorite, PbSb 
CIO2. Lustre resinous or dull; color and streak white, 
grayish-yellow. Before the blowpipe on coal give a coat- 
ing of lead and antimony. The former in the matrass, 
water. The latter, fused in a salt of phosphorus bead 
with copper oxide, colors the flame blue {jcopper chlo- 
ride), 

Mimetite, 3Pb3As308 + P^Cl^ ; Hedyphane^ 3(Pt), 
Ca)3As208 + (PbCa)Cl2. Before the blowpipe on char- 
coal, the former completely, the latter partially, reduced 
to metallic lead, with evolution of arsenic fumes. If mim- 
etite is fused, on cooling it crystallizes like pyromorphite. 

Pyromorphite, see par. 263. 

Minium, see par. 257; Crocoite, see par. 260; Phoe- 
nicochroite, PhjCr^Og; Dechenite (Pb,Zn)V206. Crocoite 
and phoenicochroite give the chromium reaction (par. 
84). Dechenite gives to the borax bead an emerald- 
green color, which becomes light olive-green in the ox- 
idizing flame, then yellow and colorless. These three, 
on being boiled with a large amount of hydrochloric 
acid and for a long time, give an emerald-green solu- 
tion, with separation of lead chloride; on adding alco- 
hol to the liquid, concentrating by heat, pouring off 
from the residue, and then adding water, the liquid as- 
sumes a sky-blue color if dechenite is present; if the 
other minerals, green. The streak of crocoite and de- 
chenite is reddish -yellow, and that of phoenicochroite 
brick- red. 

Linarite, PbCuSOg + aq, is characterized by its deep 
azure-blue color. The color is destroyed by digesting 
with nitric acid, and lead sulphate is precipitated. In 
the closed tube gives off water. 

CeniSSite, see par. 265; Fhosgenite, see par. 267; 
21 Q 
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LraiihiiliU, see par. 266; SusamiiU, PbSO, -f 3PbC0, 
is of similar CQmposition, but is hexagonal; Zaturiil'. 
PbCO,+ FbSO,. All soluble in nitric acid, wM ffftf 
vetcemt; leadhilHte and lanarkite leave an insoluble lead 
residue. The solution of jihosgenite gives, with silveJ 
nitrate, a precipitate of silver chloride. 

Meiidifite, PbpjCls,. Very perfect prismatic tleav- 
age; colorless, white. Mallociile, Pb^Cl,. Imjierfeel 
cleavage; green to yellowish-white. Dissolve in ni'ric 
acid wilhoiit effervescence; the solution gives a precip- 
itate with solution of silver nitrate. 

AnglndtCi, PbSO^, see par. 259. 

Wulfrnit*, PbMoO., see par. 262. 

Stokite, PbWOj Color yellow, yellowish -brown lo 
red; lustre resinous Soluble in abundant quantity of 
hydrochloric acid, leaving a yellowish-green residue q( 
WO,. With sulphuric acid the pulverized mineral as- 
sumes a bright lemon -yellow color. The acid is not 
colored. 

Vayquelinite, Pb.CuCfaOj, see par. 261 ; Vanadii^t, 
3Pb,V,Os + PbCl,. Hexagonal. Color of the fomtft 
blackish to olive-green; of the latter, brown or yellow- 
ish. Both impart to the borax bead an emerald-green 
color; both are soluble in nitric acid. The solution c( 
vanadinite is yellow, and gives a precipitate with silver 
nitrate; that of vauquelinite not. Descloizite, Pb.V.O,' 
same as vanadinite, hut trimetric. 

Compnre Plumbogummili, par. 264, 

Laxmannite, (Pb,CuWP,Cr),0,,. Pistachio to olive- 
green; lustre vitreous. Dissolved in nitric acid, ammu- 
niura molybdate gives a yellow precipitate t 
aeiii'). 
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Dirislon 3, When moistened with hydrochloric 
acid, color the flame blue, and give with ni- 
tric acid a solution which, on addition of an 
excess of ammonia, becomes azure-blue. 

The copper oxide minerals of this group are for the 
most part decomposed to sucli an extent by boiling 
with caustic potash that their acids cunibine with the 
potash. 

Section 1. Before the blowpipe on charcoal give a 

strong iti-iriiii: odor, and most yield a ^hite brittle 

globule of copper arsenide. They are of green 

color. 

Chenevixite, (FciCujV^s.O,, -)- 3aq, Lustre vitreous; 
color dark-green; streak yellowish-green. Fuses lo a 
black magnetic slag, while the following do not: 

Bayldonite, (CiiPbV^s.O, -j- aaq. Lustre resinous; 
color green. Dissolved in nitric acid, gives a precip- 
itate with sulphuric acid of lead sulphate. In a closed 
tube gives off water and liecomes black. 

Olivenite.seepar. 130; Clinoclasitc, Cli„As,0„ -f 339. 
Color dark bluish-green. In matrass gives 7 per cent, of 
water, and olivenite 4 per cent. 

3>/-i7//>,seepar. 231; Chalc<>phyllite,Qa^S.%0,^-\- laaq. 
Color emerald- to grass-green. Both decrepitate violently 
and yield much water; chalcophyllite dissolves in ammo- 
nia without leaving a residue. H. =■ 2. 

CcwV^ff/c/V^, a[Cu,Cai/As,P,VL0, + 3aq. Color pis- 
tachio- to emeraid-green. H. ^4.5. Fused, givesanalka- 
line reaction. 

Liroconiie,{Cw^ls.\,)i^K=,,^\,0„ + laaq. Color sky-blue 
lo green; does not decrepitate in the matrass; changes to 
a smalt-blue color when gently heated ; loses zz per cent. 
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of waler on jgniiion. Soluble in ammonia, with white 
flocky residue. 

Euehroiie, Cu,As,0,-|- /aq ; Brinile, (^ii^As.O.^-f ^aq. 
Color of both emerald-green. The former loses by igni- 
tion 19 |>er cent, of water; the latter only 5 per cent. 
Erinite amorphous. Cornwallile, Cu,Asp„ -f- 3aq, also 
amorphous. Loses 13 ]jer cent, of water on ignition. 



I 



Seotloo 3. Before the blowpipe on oharcosl glre nu 
ttrm-nic odor, but most yield a malleable copper 
bead. 
Atacamite. see par. 2j6; Tallingite, CuCl, + 4H,Cu 

0,+ 4aq. and/'f/-0'/rtf,(Pl),Cuj(Cl,0) + aq ; NantokiU, 
CuCi. White; yields no waler in a closed lube. Chal- 
ranthite, see par. 229 ; Brochantite, Cu,SO, + 3aq ; Co- 
vellite, CuS. These three minerals give a sulphur reac- 
tion (par, M\); chalcanthite is soluble in water; the 
other two not. Color of covellite dark indigo-blue; of 
brochanthite, emerald- to blackish-green, with iz per 
cent, of water. Langitc, Ch,SOs -|- 4aq ; greenish-blue 
color, with 16 per cent, of water. 

Caprlte, see par. 227 ; MelafOnite, see par. aaS. Both 
dissolve readily in acids without effervescence (except im- 
pure varieties of melaconite). 

Il[alachi4«, see par. 232; Azwrite, see par. 233; My- 
sorin, CuCO,. Color blackish-brown, usually green or 
red from mixture with malachite or iron oxide; does not 
yield water in a matrass. All three dissolve readily in 
acids, with effervescence. AurUhakite, fZn.CuljCO, -|- 
aaq, gives a zinc coating on coal. Color bluish-green. 
Allasite, 7Cii,CO. -f CuCl, -)- loaq, dissolved in nitric 
acid, gives a precipitate with silver nitrate. Celandine- 

! emerald-green. 
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Fseudoraalachite, Cu^Pp,,-!- jaq (Zw«niVf and Eh- 
liUj, Lil-elhenit€, Cu.P.O, -(- H,0. Dark olive-green. 
Togilite, CiijP,Oj-|- 3aq. Verdigris- 10 emerald-green. 
Are all readily soluble in nitric acid without efferves- 
cence; the ^slightly acid) solution gives a precipitate 
with lead acetate. Pseudomalachite loses 14 per cent, 
of water on ignition; the others less (from 7 to 10). 

Torbernite, CuU.P.O„+ 8aq. Color grass-, leek-, to 
emerald-green. Dissolves in nitric acid to a yellowish- 
green liquid, on addition of ammonia in excess, a bluish- 
green precipitate is formed, the supernatant liquid being 
blue. Warmed with ammonium molybdate, gives a yel- 
low precipitate. 

VolborthiU, (Cti,Ca)„V,0,-|- H,0. Olive-green to lem- 
on-yellow. Pearly lustre; fuses easily. H.^ 3-3.5. 

Division 4. Before the blowpipe impart to the 
borax bead a sapphire-blue color Kcobalt). 
Erythrite, see par. 217; AitnabergiU, see par. 283; 
Helerogenile, CoO -|- %Cof}^ -f 6aq. Color black to red- 
dish-brown ; difficultly fusible. Colors the flame green. 

Division 5. Fused in forceps, or on charcoal in 
reducing flame, give a black or gray metallic 
magnetic naaas, but do not give the reactions 
of the preceding divisions. 

To observe well the magnetic character of the fused 
mineral it is advisable to expose a pretty large assay- 
piece for some time to the action of the reduction flame. 

Section 1. Evolve a strong arsenic odor duitog 
fuBion. 

Scorodite, see par. 253; /"////V/yi?, Fe,03,AsPj,S03-(- 
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H,0; Pharmaepsidtrite, fejAs,0„ + isaij. Color 
streak green, brown, yellow. H.=^2,5. SubtraD^uirni 
lo sublranslucent; somewhat sectile; pyro-eiectric. Ben- 
dantite, Fe,As,0„ -(- i5aq. The pulverized minerals as- 
sume with [x>tassiuin hydrate a reddish-browo color. Scot- 
odite and beudanlite occur crjstallized; the first Irimetric 
and thesecood rhombohedral. Their color is usually ionie 
shade of green to brown and black. Streak green ish-gras 
to yellow ; lustre vitreous. Pitticite, massive and reniform. 
H.= 2-3. Lustre vitreous, sometimes greasy; coloryel- 
lowish, brownish, blood-red, and white; streak yellow- 
white; translucent-opaque. 

Antniosulerite, {Zz.^€)K%0^ + H^ftO^. Color jel- 
lowish-brown ; fibrous; lustre silky. 

Morenosite, NiSO, ^-yaq. Partly soluble tii waier. 
The solution assumes a bine color on addition of amiDO- 



Section 2. Soluble in hydrochlorio aoid withi"*' 

leaving a perceptible residue, &nd without gel^ 

tinizing. Give no arsenic odor wben fused od 

ooal. 

Luihoigite, Mg,B,Fe,*^eO,. Finely fibrous; blackish- 
green to black. Warmed with sulphuric acid and iresKd 
with alcohol, burns with a green flame. 

Rabdionite, (Cu,Mn,Co)(FeMii)0,. In a closed lul^ 
yields 13 per cent, of water and colors the borax bea'' 
cobalt-blue. Color black. Solution in phosphoric acidi 
violet. 

Stihioferrile, Fe,0,,SKO, -f aq. Amorphous coating 
on stibnite; color yellow; gives on charcoal antimony 
fumes. 

Petikoite, i\'<i^c)^.fi,„ wiih little or no water. H.= 
a. 5. Isometric; lustre bright; color pure black; streali 
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dirty-greenish. Soluble in waterj precipitate with barium 
chloride. 

Slelanterite, see par. 251; Botryogcn, (Fe,Mg)FeS, 
0,6-)- iiaq, Melanterite and botryogen are soluble 
water, the latter leaving a yellow re:iidue. The so 
tions give precipitates with barium chloride; also w; 
ammonia. Streak and color of melanterite are green ; of 
botryogen, color ochre-yellow to red ; streak yellow. I 
merite, yellowish-brown. Coquimbite, J^arosite, and 
Fibrofcrrite, all yellow. The last, fibrous and silky, be- 
haves similarly to botryogen. Belonging to this section 
are Copiapite, Raimondite, Pastreite, Carphosideriie, all 
giving a yellow powder, and are insoluble in water. I 
taiie is distinguished from the foregoing by its black or 
dark-green color, resinous lustre, and octahedral crystal- 
liKation. All these sulphates, when heated in the closed 
tube, give much water. 

8iderite, see par. 254. 

Hurcaulite, (Mn,Fe,H,),P,OB + 4aq. H.^5. Trip- 
lite (Fe,Mn)3pA+ (Fe,Mn)F,. H. =4.5-5. Fuseread- 
ily; moistened with sulphuric acid, give the phosphoric 
acid reaction (par. 60); with borax, strong manganese 
reaction; hureaulite yields much water; triplite none, 
very little. 

Sarcopside, 4(Mn,Fe),P,Oa + H.FeO,, distinguished 
from triplite by its color — flesh-red to lavender -b 1 ue ; 
streak straw-yellow; lustre silky. H.^4, 

Triphylite, (Fe,Mn,Li,)3P,OB, shows a similar beha- 
vior; the manganese reaction is much less decided. On 
dissolving the mineral in hydrochloric add, evaporating 
the solution to dryness, adding alcohol, heating the alec 
hoi to ebullition, and burning the vapor, the flame assumes 
a purple color. Color greenish-gray to bluish; cleavage 
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perfect; resinous lustre. H.=5. ZwUselife, a dove- 
brown variety. 

Diadoihitf, Fe,0,,P,Oj.SO,,H.O. H.=3; G.^2.03. 
Reniforni or sUlactitic; lustre resinous to vitreous; color 
ycllowi.ih-brown; streak uncolored; soluble in hydro- 
rhloric acid; gives precipitate with barium chloride; 
when ignited, gives off sulphuric acid. 

Vlvluuito, see par. 252; Dufrtnite {Kraurite\ Fe, 
PAi + .?n(i; Cacoxenite, Fe,P^O„ -|- i a aq ; Bariek- 
tie, (i^cCajljPp^ -}- isaq. Fuse readily and behave 
with sulphuric acid like the preceding; gi\-e no man- 
((anese reaction. Yield much water in a matrass: cacox- 
cnilc, 33 per cent. ; vivianite, 28 per cent. ; borickiie, 19 
per cent.; dufrenite, 10 per cent. Color of dufrenite, 
Icck-grecn ; of cacoxenite, ochre-yellow; of vivianite, 
various shades of blue; of borickite, reddish-brown. 
Beraunite, FeP.Os + aq, is a similar phosphate of red 
color. 

Hematite, see par. 344. ^^H 

Cuinparu Liiiionile. ^^^H 

Section 3. 'With hydrochloric acid gelatinize, or are 
readily deoomposed with Beparation of silica. 
CromU^lilr, (jI-L'Mg ),,SiO, + Fe.SiO,) + 6aq, H.^ 
3.5. Rhombohedral, also amorphous; color black; streak 
dark leek-green; gelatinizes with hydrochloric acid. In 
a closed lube gives off water; fuses with puffing to a 
black glaw, SideroschisoHte is probably a variety. 

Stilpnomelane, (FeMg),|,Fe,Al)Si,0^-f 339. H.= 
3,4. Ohalcodite is similar in composition, often of vel. 
vcly coatings of brass-like lustre. The color of these min- 
erals is black, yellowish, and greenish-brown ; their streak 
is greenish-gray. 
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Voigiile, Ekinannite, and Euralite art; closely related to 
tiie above. The first are mica-ltke in aspect and slnic- 
ttire, uiid the last is massive and yields 11 i>er cent, of 
water. Is decomposed by hydrochloric acid without 
gelatinizing. 

./"B/i/^cwV^, of brownish-yellow color and streak; amor- 
phous; yields water (14 per cent.) and fuses to a black 
magnetic glass. Some varieties gelatinize; others do 
not. See also yollyte. 

nvaite, H,Ca,Fe.FeSi.O,a ; Allanite. (Ce,La,Di,Fe, 
Ca),(AlFe)SijO„, yield no water, or only a trace; gela- 
tinize with hydrochloric acid ; allanite fuses with intumes- 
cence (0 a voluminous brownish or blackish glass; ilvaiie 
inlumesces hut slightly, decrepitates, and fuses to an iron- 
black bead. Hardness of each, 5.5-^. 

Fayalite, Fe^SiO^, and Hortonolite, (Fe,Mg),SiO,, 
are crystalline, cleavable, gelatinize perfectly, of resinous 
lustre, and H. ^ 6.5. Color of fayaliie is black, green- 
ish, or brownish-black; easily fusible and magnetic. Hor- 
tonolite, decomposed by phosphoric acid, the jelly treated 
with nitric acid, immediately becomes violet. 

KnebcUte, (FeMn),SiO„ shows the same reaction. 
Color gray, red, brown to black; easily fusible. H, 

=6.5. 

Roepperile, (Fe,Mn,Zn,Mg),SiOj, Color dark-green to 
black, difficultly fusible, and gives with soda a sublimate 
of zinc oxide. 

PyrosmaUte, (FeMn)Cl. + 7(Fe,Mn)SiO, + saq, and 
Astrophyllite, (,K,NayFe,Mn),5tFeAl},(.Si,Ti),(0^, con- 
taining titanium, and sometimes zirconium, are decom- 
posed by hydrochloric acid, with separation of silica, with- 
out gelatinizing. Fusibility a-3.5. Pyrosmalite gives the 
chlorine reaction (par. 65I ; astrophyllite not. The hy- 
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drochloric acid solution of the latter gives the reaction 
for titanic acid. Both minerals are cleavable in one di- 
rection ; the latter often micaceous. 

Lepidomelane, K^Fe/AH^j^SisO^. H. — 3. Lustre 
vitreous; tolor dark-green to black, with occasionally* 
leek-green reflection ; streak grayish-green ; micaceous. 
Easily decomposed by hydrochloric acid, depositing sil- 
ica in scaly flukes; easily fusible. 

Allochreiti, CajFeSijO,,. Some varieties form an im- 
perfect jelly with hydrochloric acid- Not cleavable; 
color green, brown, black; lustre greasy. 

Gillingitc, PeO,.FeO,MgO,CaO,SiO„H.O; Xytntilf, 
FeO„MgO,SiO,,H,0 [a variety o{ SerpenHne\, fuse with 
difficulty ; do not gelatinize. The former is black, amor- 
phous; ihelatterbrown, fibrous, woody. Both yield water 
in a matrass. 

Some impure varieties of Liinoilito, see par. 248'^ 






Section 4. But little affected by hydroolilorio 

Crocidolitt, Na,Mg,Fe.,SiO,+ H,0, and ArfveihoniU . 
jtNa.,Fe,Ca)SiO,-fFe,Si,0,, are easily fusible (1.7-2), 
with much intumescence and escape of gas, bubbles to a 
black glass. Color of crocidolite, lavender-blue or leek- 
green; fibrous; yields water in a matrass; arfvedsonite is 
black and yields no water. 

[See also Narnblinde and Teurmaline, some varieties 
of which become slightly magnetic after fusion ; and also 
L epidomfla ne.'\ 

Glanconite, FeO.MgO,K,0,Al,0„SiO„3q [green 
earth]. Fusibility 3, without swelling, and gives water 
in the matrass ; color celaniline-green ; hardness i ; earthy. 

Aemite, (NaoFe,Fe]Si,0^ : Babinglonile, ^{C.^.,V^Mn^ 
SiOj 4- -FeSip,. Fusibility of the former a; of the lal- 
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ter, a.5. Form a black lustrous slag. A(:mite cleaves at 
an angle of 93°. Babingtonite, fused with soda, <iisaalved 
in hydrochloric acid, and ammonia added to separate iron, 
Lhe (ihraie with ammonium oxalate, gives a heavy precip- 
itate of lime. Acmile gives no Hme precipitate. 

Oinipare Augilt. 

Almaiidiiie Garnet [iron gamet], FejAISi,0„. Fuses 
quietly at 3 ; gelatinizes after fusion ; hardness 7-7.5 ; color 
reddish-brown ; not very cleavable. See also AUoehroite. 

"Wolframite, (Fe.MnjWO^. Color brownish-black; 
.streak brownish; sub-metaliic lustre. Boiled with con- 
centrated phosphoric acid, a blue syrup, wliich, diluted 
with water, becomes colorless; if powdered iron is added 
and then shaken, It gives a fine blue color. Decomposed 
with aqua regia, with separation of a yellow powder, 
WOj. 

Megabasite, Mn,FeWO,, behaves in a similar manner- 
Streak ochre-yellow. Hlibnerile, Mn,WO., same reac- 
tions, but contains no iron, 

Rhodonite, see par. 275. 

Lppidolitf, (K,NaLi)jAi,Si,,0„. Color rose-red to 
gray-white; fracture often micaceous; lustre vitreous. H. 
= 2.5-3; fusibility 2-2.5. Often becomes magnetic, and 
colors the fiame reddish- purple. 

Compare Lepidoniflant. p. 250. 

DiTision 6. Not belonging to either of the pre- 
ceding di vision e. 

Malybiiite, MnO,. Color sulphur- or orange-yellow; 
earthy. H. = i-2; fusibility = I. Gives with the fliuces 
the reactions of raolybdic acid. Dissolves readily in hy- 
drochloric acid; the solution is colorless, but turns blue 
on being shaken with tin foil. Fuses on coal, fumes, and 
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is absorbed. With salt of phosphorus in the redudng^^ 
flame, gives a bead, when cold, of beautiful green. 

Eiiiyli/c, Bi,SijO,^ H, ^ 4.5. Fuses easily to a brow 
bead; gelatinizes with hydrochloric acid; on charcoal, 
with soda, yit^lds a globule of metallic bismuthj coin 
dark-brown to yellow; lustre resinous. 

Bimutilc, see par. zii; Pucherile, BiVO^. H,=4> 
Fuses easily; vitreous, adamantine lustre. With sail of 
phosphorus gives a green bead in the reducing flame. 
These three minerals give the bismuth reaction with po- 
tassium iodide and sulphur on charcoal. 

Compare IValpur^iit, p. 256; cnmpate .-ilsn Allonih- of Ihe p^^ 
vioDS division ; also Ltpidomelani, p. 250. 

PABT II. Fused with soda on charcoal give no 

metallic globule, or, fused alone in reducing 
flame, no magnetic metallic mass. 
Division 1. After fusion and continued heatiii? 
on charcoal, in the forceps or on platinum 
foil, have an alkaline reaction, and change 
the color of moistened turmeric paper to red- 
dish-brown. The test may be made with splin- 
ters, and not with the powder. 

Section 1. Easily and completely soluble in vroXet. 

Nitre, KNO,; Soda Nitre, NaNO,, deRagrale vividly 
on burning coals. Fused on platinum wire, the former 
colors the flame bluish, with a red. tint ; the latter, bright- 
yellow. Platinum chloride gives a precipitate with a so- 
lution of nitre. 

Natron, Na,CO, + io3q; Trona. Na,C,0, -f- 3aq. 
The aqueous solution has an alkaline rpaction, and effer- 
vesces on addition of hydrochloric acid. Crystals of the 
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former decompose quickly in the air; the latter not. Ther- 
monalrite, Na,CO„ + aq. H, — 1.5. Kffloresces in the 
air, and behaves like ihe preceding. 

Mirabalite, Na.SO, + loaq ; Thenarditt, Na,SO.; 
Aphthitalitf, K,SO.: EpBomite, MgSO, + 7aq; Ka- 
linite, KAIS^O^ + a^aq. The aqueous solutions of 
these minerals do not effervesce with acids; give a co- 
pious precipitate with barium chloride; the solutions of 
kalinite and epsomite are precipitated by potassium car- 
bonate (distinguished by reaction with cobalt solution, 
par. 44). Kainite, K,MgS„0„ -f 6aq, behaves in a sim- 
ilar manner ; soluble in water, and a precipitate is formed 
with silver nitrate. The concentrated solution of aphthi- 
talite gives a precipitate with platinum chloride; miraba- 
lite yields much water; thenardite none; the epsomite con- 
tains 50 per cent, of water; Lociiidtc, 2Na,MgS,OB-(-Saq> 
and Kieserite, MgSO^-1-aq, each 14 per cent.; Bloe- 
dile, Na,MgS,OB-|-43q, 21 per cent.; and kainite, 27 per 
cent. Picromerite, K,MgS,Oj -|- 6aq. 

Tachydrite, CaMg,Cle + 1 zaq. Color yellowish; de- 
liquescent; yields much water in the matra.ss; colors the 
flame red. CarnalUte, KMgCl^ -|- 6aq. Massive, gran- 
ular; lustre greasy; color milk-white; often reddish from 
presence of iron oxide; strongly phosphorescent; yields 
much water; fuses easily; easily soluble in water; and 
yields precipitate with platinum chloride. 

Halite, NaCI; 83-lTlte, KCl. The aqueous solution 
gives a copious precipitate with silver nitrate; gives also 
the reactions for chlorine described in pars. 65, C6. The 
latter gives a heavy yellow precipitate with platinic chlo- 
ride, but the former does not. 

Borax, Na,B.O, -|- loaq, gives the reaction for boric 
acid (pars. 75, 76J, 
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Section 3. Insoluble In water, or difficultly soluble. 

Ulflxite, NaC.-iBjO, 4" S^Q- Fusibility i, coloring 
the flame yellow; yields much water. Moistened with 
sulphuric acid, ihe flame changes momentarily to green. 
Somewhat soluble in hot water, giving alkaline reac- 
tion. 

Gay-LmsiU, Na,CO, -|- CaCO, + saq ; WiOieritf, 
BaCO,; StaffeliU, t:a,P,0„ + CaCO,. Dissolve in dilute 
hydrochloric acid with eH"ervescence ; the first yields wa- 
ter; the latter do not. The solution of the stafTelile gives 
a precipitate with ammonia tcalcinni phosphate) ; the oth- 
ers not. The solution with animoniiim molybdate, warmed, 
gives a yellow precipitate. 

Compare iHrentumiU, which colurs Ihc flame crimson. 

Anhydrite, CaSO.; Gypsnm, CaSO^ + aaq ; Poly- 
halite, ea,Mgiesp,^ + aaq ; Glaiiheriu, Na.CaS,0,. 
Soluble in much hydrochloric acid ; in the solution ba- 
rium chloride gives a heavy precipitate; gypsum yields 
much water; polyhaliie litlle; the rest none; anhydrite 
is distinguished by superior hardness, 3.5; polyhaliie is 
distinguished from glauberiie by its solution giving a yel- 
low precipitate with platinum chloride. 

Syngtmte, K.CaSA + aq. which occurs in halite, is 
limilar to polyhaliie. 

Barite, BaSO.; Cclestite, SrSO,. Insoluble in hydro- 
chloric acid; give a sulphur reaclion when treated as 
described in par. 121. Celeslite colors the flame red 
(par. 59~); barile, yellowish-green (paj. Co), 

I'lliorite, CaF,; Cryolitej NasAlF,,; PharmacoUti, 

iHCaAsO^ -f 53(1- Do not effervesce with acids, and 

L give no sulphur reaction. Pharraacolite evolves arsenical 

■odor on charcoal ; the other two give flnorine reaction 

1m, 76). Fusibility of fluorite, 3; of cryolite, i. An- 
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iazoniteiyax. of fluorite). gives odor of antuzone on being 
rubbed. ChioliU, Na,AIF„ bthaves like cryolite; occurs 
only massive-granular ; while cryolite is distinctly crystal- 
line, and cleavable in three directions. 

Pachnolite, Na;Ca,AlF„2 aq, yields strongly acid 
water. Closely related are Arksutite and Chodiuffite, 
wiiboiit water; and GearksutUf, with water. 

Gaucrinite, NaaAlSijOj, effervesces with hydrochlo- 
ric acid, and gelatinizes. In tlie flame it grows white 
and opaque, and then melts (2.5), iniiimesces, and forms 
a white blebby mass. The easy fusibility distinguishes tt 
from nephelite, which, laid on turmeric paper and mois- 
tened, gives an alkaline reaction. 

Division 2. Soluble in hydrochloric acid with- 
out leaving a perceptible residue; ssme also 
soluble in water ; not gelatinized by evapora- 
tion. 

{Compare those of the former divitLon which give only a weak alka- 
line reactLoQ after fusion— ^i«<r/i/f, Kainile, Efisemile.) 

Xhtrangife, fuses very easily ; gives arsenic and fluorine 
reactions. Orange-red ; streak yellowish. 

TsehermigiU, (■NH,')^lSp,6-|- 24aq; Alumgen, AIS, 
0„ + i8aq; Goslarile, ZnSO. -|- 7aq. Fuse when first 
healed, and swell up to an infusible mass. All solu- 
ble in water; give sulphur reaction (par. 121). Heated 
on charcoal and treated with solution of cobalt, the for- 
mer assume a blue, the latter a green, color (pars. 53, 
54). The first, with caustic potash, gives the smell of 
ammonia; the second does not. 

Chondrarsenite, MngAs^O,, -|- 3aq, easily fusible, giv- 
ing arsenic fumes on charcoal, aud amethyst color to the 
borax bead. Color yellow. 
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Walpurgite. Bi„U,As,0„ + laaq; Trvgeritt,\^^\ 
-^ i2aq, give a green bead with salt of phosphorus, and 
(he first gives the bismuth reaction with polassium iodide 
and sulphur. 

Fauserite, (Mn,Mg)SO.+ 6aq. Soluble in water; heat- 
ed with phosphoric and nitric acids, gives a violet solution. 
Contains 40 per cent, of water. 

Adamite, Zn,As,0, + aq, easily fusible, giving arsenic 
fumes on charcoal, with a coating of zinc. Color honej- 
yellow. 

Stntvitt, NHjMgPO, + laaq, melts easily; yields water 
in matrass; with caustic potash, ammonia; and with \f- 
drochloric acid, fumes of ammonium chloride- Sussexite, 
(Mn,Mgi,B,05 + aq. H. ^ 3. Fibrous; silky; gJYH 
a violet bead with borax. 

Sassolit^, H^O,; Boracite, Mg^B^gCl^O^; Hydrok- 
racite, CaMgBjO,, -|- 6aq, Give the boric acid reac- 
tion [par. 7s). Sassolite is soluble in alcohol; the oth' 
ers not; boracite yields no water, while the others do, 
Hydroboracite contains t(s per cent, water, and a similar 
mineral, Szaibelyite, Mg^B^O,, -\- 3aq, 7 per cent. Mnc- 
burgite, Mg,P.,B,0,, + 8aq. Its nitric acid solution gives 
a yellow precipitate with ammonium molybdate. 

Alabandite, MuS, and Hatierite, MuS,, give strong man- 
ganese reaction (see par. 273"). 

Wagneriie, MgF, + Mg,P,Oa; Apatite. 3Ca,P.0j + Ci 

(Cl.FX. Moistened wiih sulphuric acid, impart a pale 

\ bluish-green color to the flame. Fusibility of wagnerite, 

I 3-3.5 (with intumescence); of apatite, 5 (without intu- 

i mescencc); wognerile is soluble in dilute sulphuric acid; 

apatite not. Hebranite is similar, and contains 4 per cent. 

of water, 

Brushtle, HCaPO, + aaq, behaves in the wet way like 
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apatite, but yields 26 per cent, water, fsoc/asiti; Ca^I'.Ug 

AmMygonite, jA1PA+ 3<LiNa)F. Fusibility 2; liard- 
ness 6. With difficulty soluble in concentrated sulphurit: 
or liydrochJoric acid. Kjtrulfiiu, 2Mg,P,0j-|- CaF,. 

Torberniie, CuU,P,0„ + Saq ; Autunitc, CaUJ',0,, -(- 
loaq. Fuse readily, yield water, and give, wiili fluxes, 
the reactions of uranium sesquioxide (see Table II.). 
Soluble in nitric acid. The first gives a globule cjT 
copper with soda on coal. See Div. 3, p. 245. 

Division 3. Soluble in hydrochloric acid, form- 
ing a stiff jelly, especially after partial evap- 
oration. 

Section 1. Before the blo'wplpe in a matrass give 

Datolite, H^Ca^SiAo. yields but little water, and 
gives the boric acid reaction (par. 60). 

Etiingtonite, BaAlSi,0„-i- 3aq. The ddule hydrochlo- 
ric acid solution gives a precipitate with sulphuric acid 
of barium sulphate. Sp. gr. 2,7. 

Natrolite, Na,AljSi,0,„-t- iaq. Fusibility a; does 
not inluniesce; hardness 5-5.5. 

Scolecite, CaAlSi,0„ -f 3aq; Laumontite, Ca,Al 
SijO,, + 4aq. Scolecite, on being healed, curls up like 
a worm, and finally melts to a bulky, shining slag, which 
in the inner flame becomes a vesicular, slightly-translu- 
cent bead; hardness 5,5; pyro-electric. Laumontite in- 
tumesces and fuses to a white translucent enamel ; hard- 

ChakomorphiU, CaO,AI,0,,SiO,,H,O,CO„ fuses in very 
fine splinters with difficulty, and curls up like scolecite. 
Nearly related to scolecite, and showing a similar be- 
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havior, ^.te^Meseiite, (Ca,Na^lSijO„ + 3aq. 
S; G.= 2.3; white, fibrous, and silky; and Thoms^t, 
2tCa,Na,jftlSi,OB + saq. H.^5; G. — 2.35; priMitic 
and vitreous; but they are not pyro-electric. 

Phillipsile, (CaK^a,A!Si,0„, + 4aq, 4.5. FasiKl- 
ity 3, with slight intumescence; occurs always in twin 
crystals; lustre vitreous; color white; sometimes rtn- 
dish. Gismomlilr, (Ca,KJAl,SijO„-l- 4aq, is closely re- 
lated. Trimelric, with forms often resembling squW 
octahedrons. H,^=4.5. Lustre splendent. Iltnefilt, 
AIO,,CaO,Na,0,H,0,SO,SiO.. Ash-gray color; vitre- 
ous lustre. Fuses with intumescence, and differs from 
the above in giving a precipitate in the hydrochloi* 
acid solution with barium chloride. 

Compare, in DJv. 4, ApophylHle , Okcniti, and Analdli, which g*- 
liniie wUli liydruchloric acid, 20o. 

Section 2. Before the blowpipe give no water, Of 
onl7 traoes. 



(Compare DatoHle, of tlie foregoing division.) 
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Helvitc, 3(Be,Mn,Fe),SiO, + (Mn,Fe)S; Tephrol 
Mn,S:Oj. Distinguished from the other minerals of ih'* 
section by giving manganese reactions. Color of helvite- 
wax -yellow; hardness 6-6.5; of tephroite, ash-gray; hard- 
ness 5.5-6. Danalite, 3(Be.Mn,Fe,Zn)^iO, + (Fe.Mn. 
Zn)S, containing zinc, gives, with soda on coal, a smal' 
slag of zinc, and with borax the iron reaction. 
flesh-red to gray. 

Compare fVillcmi/c, par. 303. 

Hauynite, 2(Na„Ca)AlSiA + (Na„Ca)SO., an( 
pis'Lasuli, CaO,N3/),A103,S,SiO„ are of azure-blue 
color; give sulphur reaction (par. lai). Fusibility of 
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the former, 4,5; of the latter, 3, forming a white 
glass. 

NosUe, zNaiAlSip,+ Na,SO^, and Scolopsite, AIO3, 
CaO,Na,0,SO,,Cl,SiO„H,0, of gray or brownish color; 
give sulphur reaction (par. izi). Fusibility of nosite, 4.5; 
of scolopsite, 3 fwith intumescence like idocrase). The 
former trystallizes in dodecahedrons j the latter occurs 
granular- massive. 

Sodalite, 3Na^lSi,Oa+ aNaCI; Eudialyle, 6Na,(Ca, 
FeUSi,Zr)50.3 + NaCl, give the chlorine reaction (par. 
82), In the nitric acid solution, silver nitrate gives a 
precipitate. The former fuses to a transparent, colorless 
glass; the latter to a pistachio- green scoria or opaque 
glass. The dilute hydrochloric solution of eudialyle 
colors the turmeric paper orange-yellow; boiled with 
potassium sulphate and evaporated to crystallization, and 
then boiled with water, a precipitate of zirconia is formed, 
which makes the solution cloudy. Sodalite, H. ^^ 5-5-6; 
G. — 2.3; eudialyte, H. — 5.5; G. 2.g. 

Wollustonite, CaSiO,, fuses quietly to a colorless, 
semi-transparent glass. The hydrochloric acid solution 
gives no, or only a very slight, precipitate with ammo- 
nium hydrate, but with the carbonate a bulky precipitate. 
See also Pectolite. 

NepheUte, (Na.Kj^AlSi.Os. 

Meimte, (Na,Ca,Mg)„(AlFc),Si,0^. 

Meimite, CajAI.Sip,,. 

With the solution of these minerals in hydrochloric 
acid, ammonia gives a precipitate. Meionite fuses, with 
intumescence, to a vesicular glass, which is not com- 
pletely rounded by fusion. The others fuse quietly. The 
solution of melilite, after the separation of alumina with 
ammonium hydrate, gives a strong precipitate with am- 
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(alaie, while the solution of nepheliti 



,ri 



I moniu 

I in the same manner, gives no precipitate, or a very slig 

tone. Nephelile hexagonal; meiilite rtimetric, ElKolr^^"^ 

a variety of nephelile, has a greasy lustre. Compare Cr*-- '"' 
I mnite. The behavior of Barsowite, Ca,A),Si,Os. is simil^^'" 
I to melilite, but fuses with more difficulty, and T''°''^ 



~urapate Gtklentte, Div. 
I'atAy/iif, Div. S, p. 263; 
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Division 4. Soluble in hydrochloric acid, witL^* 
eeparation of silica, -without forming a per— '-*"" 
feot jelly. 

(It is somelimrs miCL'jsary lo treat the finely-pulvcnzefi mineral wiili*^ * '' 
conccntr:iteil add,) 

flection 1. Before the blowpipe in a matrase give ^^ 

Klipstdnite, MnOj.MnO.SiO^H.O, easily decomposed * 

by hydrochloric acid, evolving chlorine; and silica sep- 
arates as a slimy powder. Fuses to a black slag in the 

oxidizing flame. With phosphoric acid it gives a violet 

solution. By ignilion gives g per cent, of water. 

ApophyUite, 4(H_,CaSi,Os + aq;) + KF; Peote 
Ute, HNaCa^Sip,; Okaiite, H.CaSi,Oj + aq. VbI^M 
silica separates in the shape of gelatinous lumps. Afieid^ 
the separation of the silica, the hydrochloric acid solutioid^ 
gives no, or only a slight, precipitate with ammonia Peo] 
tolite fuses to an enamel-like glass, with slight ii 
cence, and yields but little water ; the others much. Fii^J 
bility of apophyllile, 1.5, forming a white vesicular glass} , 
of okenite, 2-5-3; f^s^s with frothing, forming a porce- 
lain-like mass. 

Compare Xoiiallite and Stfiiolile, Div, 5. ^. aSl, 283. 
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Analcite, Na^lSijO„+ aatj, gelatinizes like the pre- 
(^eriing, in some varieties romiing a perfect jelly. After 
the separation of the silica of the acid solution, ammo- 
nia produces a copious precipitate. Before the blowpipe, 
wilh the first action of the l^ame, it becomes opaque, but 
fuses (jviietly to a perfectly clear glass. Tlie crystals are 
usually t rape rob edrons and cubes; not cleavabk; yields 8 
per cent, of water. 

Fyrosclerifc, Mg„A13i,0,6-t- laaq; Clwnicritt, (CaMgj^ 
Al,St,0,„ + 6aq; JollyU, (FeMgl^AlsSi.O^ + laaq, are 
distinguished from the other minerals of this section by 
their inferior hardness, 2.5-3. Chonicrite fuses from 3.5- 
4, with intumescence; has no cleavage; whitish; yields 
g per cent, of water. Fusibility of pyrosclerite, 4, with- 
out intumescence; cleavable in one direction; green; 
yields II per cent, of water. JoUyte fuses with difficulty; 
amorphous; brown; powder light-green. 

Of -similar constitution as pyrosclerite are — Vermiculite, 
<Mg,Fe)>l^i,0,.+ i2aq, and Jcfferisite, Mg,(Al,Fe), 
SijO^-l-eaq. They are both of brownish -yellow color, 
micaceous structure, pearly lustre, and before the blow- 
pipe exfoliate remarkably ; the former in worm-like forms. 

DtidUyilc, Kerrite, Macenile, Wilcoxik, and Vaalile be- 
long with this section. 

Brrwsterite, (Sr.UajAlSijO.s + 5aq, characterized by 
its hydrochloric acid solution giving a precipitate with 
sulphuric acid. It fuses with frothing and intumescence. 
Fusibility 3, and yields 13 per cent, of water. 

Stilbite, (Ca,Na,)AlSi,0„+6aq; HypostUMte, (Ca, 
Na,l,Al,Si,0^ -f laaq; Ohabazite, (H,K),CaAlSi,0,5 
+ 6aq; Prehnifc, H.Ca^Al.SijO,,. Fuse, with inturaes- 
cence, to enamel-Uke masses. Prehnile yields but little 
water, losing by ignition only 4.3 per cent.; the others 
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yjat irmt zf 11 sz zcr csm. Chtiizxhc is distinguished 
in Hi rhnmiiiiiisjiiTal ^rjisihTf T-ionr iDd imperfect ckav- 
Bct. Zx s::l:»ni mii tTTi^scZic-c ibe deaxage is perfect 
n. uat ZTT^cZMtL. fcUbnt it rrimernc- and hypostilbite 
QC-j".iz? 3T ra±;aii^iiir;icf zc cahmmsr "nypars. Mordtnite^ 
•Ci^Nl- A1S./J»^— ba^. H- = 5: oorins in hemispher- 
ir-fc- TyT.nrm.. ar r^loizrjcsZ ccQcneiiDcts, with a fibrous 
gni:nr^ . yjt^ii* ;r psr cyrr irattr, and fscs vithoot in- 

ani CcscVi^z^jf. Xl.O£ • S.«Zr ^O^ — 2aq, ha%-e hardness 
4-4-5. iiii iiiciiirt LegT-agt. Tbt ira fbses wirii intu- 
iD£s::i!ii:^- iriin ruin-j to a T£iljDwii.b-iMrown glass; fasi- 
I'ilrn i.5-3: c:::i.Tue::rt, 3; i^ses cii^etlT, giving a white 
i\ziT'jtr\L z :eai. I: 15 sccLrue in incrociiioric acid with- 
cc: rrlLT-- .1 r£. ini r-Tre> ibe xircoria neaaion. coloriDg 
rurzTjrr.: 7^1*1 r :riri:r-;t'l:v. If rcoed w::h potassium 
>_'ihi:r rf^.T :: .-.~»T'iS5^ zz>f -m-aier added. :t srives a 
TrriijiiJLtr jf r.r::c -L M:^^;l^.£r::* aT-vcs t:o precipitate; 
:: ::-:i.r_f : T*tr :^r.: :f 'witrr. Mosaadriie. with salt 
:f ^hi-f^rr-ins i" rei-:izi: ^..-.r.-'e. ci'res a violet color 

Sepiolite '™rer5.:hj.r:r:i'. >^i: S:,0, — 2aq. See below. 
DeTreTlit-e. Mi: S: O, — -3.:. Diic: rushed bv being 
r:- *:,,:. '.rii risi'i'e ih^n ±e rrr:ei:r.c: f:ssib:!sty 5. The 
v.r::.tr aLsiri-s -a-^ier wir: grea: aviii::)-: the latter not. 
y/:-^.'S..\t c:nii::Ls ic p«er cru:. of w:L:er. and deweylite 

:^yrda'jL 2::t{. rV:0,.FeO.M^O.S:0,.H,0. Amorphoos; 

i ,.^J^.^/; 2.5. VjTTr/.T.g a thick. 1.2': k. bnll: ant glass; color 

/rMft;,; ,:./:^;i/,k. Dr^,orr.[x_'>rii by hy«irochloric acid with 

': f^,' ,i^y, 'Wit Mulior. gives a green :>h-gniy precipitate 

i^^'tt uthfiiouh. It coLiains 4 per cent, oi water. 
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Jftaotdon 3. Before the blowpipe In a matraas give 
no water, or only traces. 
(Compare Ptiteliii, ChtnkriU, oml PrthniU. of the preceding 

Many specimens of lapis-lazuli do not form a complete 
jelly, but may be recognized by their blue color. 

CryophylliU, (K,Li)„Fe,(ftl,Fe|.Si„Oi,. Micaceous; 
fuses easily in the flame of a candle, giving the tiame a 
lithia reaction. 

Tachylyte, Na,0,CaO,MgO,FeO,AI03,SiO,H,0, fuses 
easily (3.5I and (juietly to a black shining glass. Hard- 
ness 6,5; color black. Decomposed with hydrochloric 
acid, the silica separates in lumps. The soliilion, boiled 
with tin, does not become violet, which is the case with 
the two following minerals: 

Siclwrhmife, Ca,'Fe,(Si,Ti)„0„, and TscheffkinUe, CeO, 
FcO,CaO,TiO,SiO,. Fusibility 3-4. The first fuses qui- 
etly, the second wilh much effervescence, £0 a black glass 
or a grayish mass. The first is decomposed with difficulty 
by hydrochloric acid, and the silica separates as a slimy 
powder; the second is easily decomposed, and the silica 
separates in gelatinous lumps. Color of both blark; pow- 
der gray. 

Ivaarite is similar to schorlomite. 

■WpniPritf',(Ca,Na,K,)AI.Si/)„ and hncellaiiHc, SiO, 
Al,0,XaO,Na,0,CI.„ fuse easily at 2.5. with iutiimescence, 
to a white vesicular glass, which is not easily rounded. 
They are quite cleavable in two directions. With wer- 
nerite belong Nuttalite, Glaucolite , and Slroganovile. , 

VnhUrite, CaO,N3,0,SiO,ZrO,Cb,Oj, fuses easily at 3 | 
to a light-green, very btebby glass. Decomposed with 
^q^drochloric acid, with separation of silica in flocks; the 
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soliiiion, strongly boiled wiih tin, becomes a beautifbl bine 
((olumHum), ami on the addition of water, a blue filtrue, 
'This sdliuion colors turmeric paper orange-yellow. The 
mineral is wine-yellow, honey-yellow, or brownish-red. 
Ruci'h/e probably belongs here. 

Labnuloiit**, (Ca,Na.)AlSijO,„, and Anorthite, Ca, 
AISi,0„ fuse quietly, wiihoui Intuisesceoce, forming a 
thick colorless glass. Hardness of the former, 6; of the 
latter, 6-7. Anorthite fuses with more difficulty (4.5) 
than labradorile (3.5 1. Labradorite cleaves in two di- 
rections with an angle of 94°, and on the perfect cleavage 
planes shows St rise, on the others none, and frequently a 
play of colors, blue and green, also red and yellow. Anor- 
thite has perfect cleavage at an angle of 94° ta'. The labra- 
dorile is not wholly decomposed with hydrochloric acid, 

Grossnlarite [some varieties]. Fusibility 3 ; not cleav- 

Titunite [sphene] (Div. 6, p, 269), some varieties, see 
below. Gives titanium reactions (par. las). See iJun- 
Imrilc, Div. 6, p. 265, which gives a fine green flame; 
also Ti-phroile, Div. 3, p. 258. which gives an amethyst 
ciilor to the borax bead. 

MUroiomnik, (K,Ca)AUSi,0,.CaSO,,NaCl. Colorless; 
vitrcoiisi H.^=6; Fus. = 5; gives the fhlorine reaction 
with copper oxide and salt of phosphorus. 

DiviBion 5. Little affected by hydrochloric acid. 
Before the blowpipe give an amethyst color 
to the borax bead {manj:anese). 

'pholitf. H,Mn( AlFeMnlSi,0.„, occurs onlyinfibrous, 
fts. Color straw-yellow; silky; yields water, 11 
cent. ; fiisiliility a.5-3. 
y^cAtiHf, of similar composilion, with 9 ])er cent, of 
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VO,; fibroiis; slellaied; of brownish-yellow color; yields 
waier, 5 per cent. ; fusibility 2. 

Spessartite [Manganese Garnet], (MnjPejjAlSijO,,. 
Color brownish-red; fuses without intumescence at 3; 
not cleavable. 

Piedmontite, H,Ca,(MnFeAl),SisO^. Fusibility 2-2.5; 
intumesces; cleavage quite distinct in one direction; less 
so in a second ; color cherry-red to reddish-black. 

KIlodouit«, MnSiO,. Fusibility 3, without intumes- 
cence, when pure; color rose-red; cleavable (par. 175). 
Il cleaves at an angle of 92° 55'. RUhUrtlc [manganese 
amphibole], cleaves at 124°. 

Cumparc Aiinite. p. lb-]. 

Division 6. Not belongme: to either of the pre- 
ceding divisions. All are eilicates except 
Scheelite, and are not decomposed, or only par- 
tially, by hydrochloric acid. 
Danbiirite, CaH.Si.Oj. Fusibility 3, and gives a fine 
green color to the flame {boric acii/). The bead is clear 
while hot and cloudy when cold. Yields no water in the 
matrass. Hmvlite, Ca.B,„Si,0„, + 5 aq, is closely related, 
but yields water in the matrass. 

ScheeUte, CaWO^. Fusibility 5. Soluble in hydro- 
chloric acid, leaving a greenish- yellow or lemon-yellow 
residue of tnngstic acid, which is soluble in ammonia, 
and which gives, with salt of phosphorus, the character- 
istic reaction of tungstic acid (see Table II.). If the 
residue of tungstic acid is boiled with phosphoric acid 
till it begins to fume, after cooling a blue mass is formed, 
which gives a colorless solution with water. If iron filings 
be added to this and shaken for some time, it becomes 
tensely blue. G.=^6. 
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LepIdo1it«, (KLiV^USi^O^, and CooMte, (U,0,K.O, 
Al,Oj,SiO,,H,0), are micaceous, splitting very easily in 
one direction. Kusibiliiy of lepidolile is 3, colors the 
flame crimson, and gives little or no water in the matrass. 
Cookeile intumesces, colors the flaine crimsoti, but yields 
much water in the matrass. 

Giimbelite, SiO„Al,0,,K,0,H,0, occurs in short fibres. 
Before the blowpipe swells into a fan-shaped mass, fiises 
in thin fibres, and gives in the matrass 7 per cent, of 
water. Not attacked by hydrochloric or sulphuric 

Thtrmophyllite, Mg,Si,0, + zaq, EuphylliU, (AlNa, 
KjjjSijOjj -f 4aq, and Marg'arite, H,CiiAl^Si,0,„ are all 
micaceous in structure. The first intumesces before the 
flame and yields much water; the others fuse without in 
tumescence (4-4*5^ ^'^^ yield little water. Their lam ms 
arc not elastic. Euphyllite is easily decomposed by sul- 
phuric acid, and margarite with difficulty. 

Compnre Miiscinnli anri HioliU. 

Petalite, [LijAlJSi^O^^, and Spodumene, (LisAI.)Si, 
O,,, do not possess as perfect a cleavage as the preceding, 
and greater hardness (6.5)- Specific gravity of pelalile 
2.4-3; ^f spodumene, 3.1. Both give the lithia reac- 
tion (par. 103). Spodumene fuses, with intumescence, 
to a clear or white glassy globule; petalite fuses quietly 
to a white enamel. Ctistorite belongs here, which alone 
gives a distinct red color to the flame. 

Lfiieophanite, 4NaF + 3tCaBe\Si,0,„, fuses easily and 
quietly to a transparent colorless glass. Cleavage very 
marked in one direction. H.=^ 3.5-4. If heated, phos- 
phoresces with a reddish-violet light ; also if struck with 
a hammer in the dark. 

mUonite, Alp„K:,0,MgO,SiO„H,0. Fusibility a, 
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swelling up to a whiliah glass; yields water i 
H.^3; cleaves at right angles. 

Nohlile. NbP5,U,0,,Y0,H,0, compact, brownish- 
bKitk, fuses with dlHi^^ulty, and gives in a nmirass 4.5 
per cent, of water; otherwise in chemical properties sim- 
ilar to samarskiCe. 

SorJawalitt. Fusibility 2,5; amorphous; brownish- 
black. See Div. 4, p. 262. 

Diallage, Ca,Mg,etc.,SiO,. Fusibility 3.5; character- 
ized by its i>early metallic lustre; cleaves easily in one 

Harmotome, BajAl^SijO,. + 5aq, distinguished from 
most of the other minerals of this division by yielding 
water in a matrass. In the partial sokilion in hydrochlo- 
ric acid, siiliilmric acid gives a precipitate with the barium. 
Occurs usually in twin crystals. 

Axinite, (Ca,Fe,K.),CAlFefi\SisO,,; Tonrmaline, 
A10jfe03,F<:0,MgO,MnO,K,0,NaP,Li,0,SiO„F, give 
the reaction of boric acid (par. 61). Axinite fuses readily, 
with intumescence, to a dark-green glass. Different vari- 
eties of lourmaline show different blowpipe characteristics, 
but all are pyro-electric. Hardness of axinite and of tour- 
maline 6. 5-7.3- Heat does not develop electricity in ax- 

PjTOXene. General fornmla, RSiO,, R may be Ca, 

Mg,Fe,Zn,Mn,K„Na,(AI,Fe,Mn-]. Twoormore ofthese 
bases are usually present. Calcium is always present, and 
constitutes a large per cent, of the mineral. H.^5-6; 
0.^3.8-3.5, Monoclinic. Cleavabie nearly at right 
angles of 93° and 87°. Occurs in thick, stout prisms; 
massive, granular, fibrous, and lamellar; color shades of 
green, white to brown or black, through bluish shades, 
but not yellew; lustre vitreous and somewhat pearly. 
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I'lirittia : 

I. Light -colored. 0.^=3.3-3.4. 

Atalaeolitf, or White Augile, tCa,Mg), while or gray- 
ish crystals and crystalline masses. Dhpfide, of the 
same composition, light- or grayish-green crystals; also 
massive, cleaving with a bright, smooth surface. Sakliu, 
(Ca,Mg,Fe), grayish- or dingy-green, light and dark, less 
lustre, and of coarser texture than diopside. Faisaite, 
(Ca,Mg,Fe, with a little Al), crystals of a rich green 
color, smooth and lustrous. 

Cpecelite, granular pyroxene, green, and white. As- 
hesius includes fibrotis varieties of both pyroxene aad 
hornblende, but is usually the latter. 

ir. Dark-colored. 

Augite, (Ca.Mg.Fe.Al). G. -=3.3-3.5. Greenish- 
black and black crystals; occurring in eruptive rocks. 

Hcdenber^U, (Fe and Ca), color black ; crystals lamel- 
lar-massive, /rffersoniff, ( Ca,Fe,Zn,Mg), color greenisli- 
black ; crystals often very large. 

Polylite and HmUonife belong here. These dark-col- 
ored varieties are more fusible than the light-colored, and 
the globule obtained is colored black by the iron oxide. 

III. Diallagf is a thin, foliated variety, often found wilh 
serpentine and other rocks. Differs from bronzite and hy- 
perslhene in crystalline form, and in being fusible. 

Ampllibole. Formula as for pyroxene, and blowpipe 
characteristics ihesarae. H. — 5-6; CJ, = 2.9-3.4. Mono- 
clinic. Cleavable at iz^"-" and 55° 30', by which it is 
distinguished from pyroxene. Often in long, slender, 
fiat, rhombic, also six-sided, prisms; also columnar, 
md fine fibrous, lamellar, and granular ; color 
e to black, passing through various shades of green; 
e vitreous, with cleavage face sometimes pearly. 
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Varieties : 

I. Light-colored, G. 2.9-3.3. 

TretHolite and Gnimmiititc, LMg,Ca). Color white to 
fark-gray; in crystals, columnar, fibrous, com|)act, gran- 
ular-massive. 

A(tiHolitt, (Mg,Ca,Fe). Light-green varieties; in 
brighi-green crystals, columnar, fibrous, often radiated, 
and also granular-massive. 

Ashestus, slender, flax-like fibres, green, gray, or white. 
Amianlhvs, white, silky. Ligniform asbeslus, mountain 
leather, and mountain cork, usually white or grayish- 
white, belong here. 

Nephrite is a tough, compact variety, closely related 
to tremolite. These light-colored varieties contain Utile 

IL Dark-colored. G.=3-3.4. 

Hornblende, (Mg,Ca,Al,Fe), black and greenish-black 
crystals and massive. Pargasile, dark-green, short and 
slout crystals. Cummi'ngtoniU, color gray or brown ; usu- 
ally fibrous, and often radiated. 

III. Smaragdite, a thin, foliated variety of a light-green 
color, resembling common diallage. 

Titanite, CaTiSiO;. Fusibility3. H. = 5-5.5. Mono- 
clinic; gives the titanium reaction (par. 125}; imperfectly 
soluble in hydrochloric acid. 

Guarinitt, CaTiSiOj, of similar composition, but di- 
melric. 

Keilhauiie, containing 28 per cent, of TiO, ; also alu- 
mina and yttria. Fuses, with intumescence, to a black 
shining glass. Yields with borax an iron-colored glass, 
which, in the inner flame, becomes blood-red. Reaction 
of manganese with soda. Decomposed by hydrochloric 
acid. 
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Ortfaoebise, K^lSuO.^ ; Albito, with potash replaced 
by Boda, Na^SijOa- Hardness 6; fuse without intu- 
mescence. Fusibility of orthoclase 5 ; of albite, 4; the 
latter colors the flame yellow. Not soluble in acids. 
With cobalt solution become blue on the edges (par, 44). 
Onhoclasc cleaves in two directions at right angles, 90°; 
albitc al 93° 30', and show striae on one surface, 

Oligoclase, (Ca.Na^KJAISi.O^, is more fusible than 
•dbite 13. 5^ U sometimes resembles labradorite, but, 
unlike it, is not materially acted upon by adds. The 
cleavage surface shows the strix in a marked degree: if 
the mineral is powdered, mixed with ammonium Slio- 
ride, and ignited in a platinum dish, then boiled with 
hydrochloric acid, neutralized with ammonia, and filter- 
ed, the lime in the filtrate may be precipitated with am- 
moninum oxalate. Tschermakite, lNa,Ca)Al,SijO,j. 

Byalopkanf, (Ba, K,lAlSi,0„, is very similar to these 
minerals, but, if fused with potash, treated with hydro- 
chloric acid and water, the solution gives a precipitate 
of barium sulphate with sulphuric acid. 

Zoieite, H.Ca,(AIFe),Si,0^, and EpidotCi, H,Ca.(Al 
FljSijO^. Hardness 6.5; fusibility 3-3.5; fuse with in- 
tumescence — zoisiie 10 a white or yellowish slag ; epidote 
to a black or tlark-brown slag. After fusion they gelatinize 
with acid. Color of zoisite gray, yellowish-gray, grayish- 
white ; of epidote, green. 

Garnet [var. Grosmlarite\, Ca^lSi,0„ ; [var. Pyropt\, ' 
(Mg,Ca.Fe.Mn)jAl,Si,0„; and TesQTianite, Ca ( or Mg. 
Fe, or H„K.Na,)AI, or i^eSi,0^. Hardness 6.5-7.5 \ '"ni- 
hility of lime-garnet and vesuvianite, 3; of pyrope, 4,5. 
Vesuvianite possesses cleavage; the others not. Pyrope 
gives, with the fluxes, the chromium reactions, is not 
acted upon by acids, and is of a blood-red color. Ths 
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Others green, yellowish-brown, hyacinth-red, and white. 

The Edelforsite and Sphenoclase of Von Kghell belong 

here. 

Monzonite resembles grossularite, but does not gelatinize 

after fusion, and is not decomposed by hydrochloric or 

sulphuric acid. Color gray-green. See also Emerald, 

Euelase, lolite, Biotik, and MiiscoviU. 

Obsidian, Pitchatone, Pearletone, and Pumice, 
SiO„M03,FeOj,CaO,MgO,Na,0,K,0,H,0, are amor- 
phous. Fusibility 3.5-4; fuse, with intumescence, to 
porcelain-like masses or while vesicular glasses. Lustre 
of obsidian glassy; of pitchstone, greasy; of |)earlstone, 
pearly. Pumice is characterized by its porosity. Pitch- 
stone usually yields water in the matrass. 

CLASS m. Inftisihle. or fiisibility above 5. 
Division 1. After ignition, moistened with co- 
balt solution and again ignited, assume a 
bright-blue color {alumina). 

(Some minerals should be firs! cDlcined .and pulverized.) 

With the hard, anhydrous minerals of this division the 
color is best seen by reducing the substance to a fine pow- 
der and moistening this with the cobalt solution. The 
color appears only after cooling, and by daylight. 

Section 1. Olve much water in a matrass. 

Ralstonile, Al.F, etc., gives off hydrofiuoric acid when 
warmed with sulphuric acid. 

Alunitt, K^AljSp^ -|- 6 aq, and Aluminite, A1S0« -|- 

gaq, with soda on coal give a sulphur reaction, which is 

not the case with the following minerals, Aluminite is 

readily soluble in hydrochloric acid; ahmite, not visibly 

Mjffrrlr'l By calcination alunite loses 13 per cent, water. 
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aliiminitc 47, and a similar roioeral, Fehobanyiie, 37 (Al, 
0^0,-f loati). 

Pistopkamlt, A10,.i=eO^^H,0, blackens in ihe flame, 
to which it gives a greenish tiDge, bums and falls to pieces. 
Aluminile is while and opaque, while the latter is greenish 
and transparent. 

• tSce also KaHniU, Alunogcn, and Tschermigite, which 

are soluble in water, while the foregoing are not.) 
Plumbogummitc, see par. ^64; CaU mine, see par. 304. 

Qibbeite. HjAlO,; Diaapore. HpVlO.; StyhrrtiU, 
(Mg,,CatAl,Fe,)SiO,; and PhoUriU, A!.SijO„ -|- 4H,0. 
Gibbsite is easily soluble in potassium hydrate, and loses 
by ignition 34.5 per cent, water. The others are insol- 
uble in potash. Distinct cleavage in one direction. Sey- 
bertite loses 4^j per cent, water by ignition. Color wax- 
yellow. Diaspore and pholeriie lose 15 per cent., and 
may be distinguished from the other minerals by their 
hardness — diaspore, 6; pholerite, i. The last often oc- 
curs in scales, with a mother-of-pearl lustre. 

The following minerals of similar composition are for 
the most pan soluble in caustic potash. If aii excess of 
nitric acid is added to the solution and boiled with am- 
monium molybdate, a yellow precipitate is fonned. In 
the closed tube give the phosphoric acid reaction fsee 

I par. no). 
Wavellite, Al,P,0,,-f laaq, loses by ignition 27 per 
cent, of water. 
Evansite, Al,?,©,, -f iSaq, loses by ignition 40 per 
cent, of water. 
Peganite, Al J'jO,, + 6 aq, loses by ignition 24 per cent. 
_ of water. ^^ 

Piseherile, A1,P,0„ + 8aq, loses by ignition >$D^^H 
cent, of water. ^^^| 
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Serlimte, z AIP.O, + aq, loses by igniti 

Zepharovickite, AlP,Oa-)- 6aq, loses by ignition 27 per 
cent, of water. 

Trolkite, Al.PjO,, + 3 aq, loses by ignition 6 per cent. 
of water. 

Spfiisrife, AljPjOq -f i6aq, loses by ignition 24 per cent. 
of water. 

Reilondite,MO^,¥t:0^,VSy^,Ufl, loses by ignition 23 per 
cent, of water. 

Tavistockite, COjAIP^O,, + 3aq, loses by ignition 12 per 
cent, of water. 

AinphithaliU, AlO^.CaO.P.Oj.H.O, loses by ignition 12 
per cent, of water. 

Cmmkolactite, AI3P.O,, -f loaq, loses by ignition ai 
per cent, of water. 

These minerals are of various grayish shades of green, 
yellow, red, and brown to while, and vitreous or pearly 
lustre. H.z=3-6; G. — 2-3. 

AUophane, AlSiO^ + S s'l ! HalhysiU, AlSi,0, -f 4 aq ; 
&i"W/f, Al,Sip„+ loaq; Collyriie^AY^xO^^r ^^'l- ^^' 
composed by hydrochloric acid, with separation of gelat- 
inous silica. Hardness of allophane, 3; gelatinizes com- 
pletely ; often colors Ihe flame green, showing the presence 
of copiwr; and loses by ignition 42 per cent, of water. 
Amorphous. The hardness of samoite 154; structure lam- 
inated, and loses by ignition 30 per cent. The hardness 
of the others is 1-2. Halloysile loses on ignition 16 per 
cent, of water; collyrite, 33.5. 

CimoliU, Al,Si,0^ + 6 aq ; Kaolinite, AlSi^O, 4- 2 aq, 
are very soft and earthy, and but little affected by acids ; 
lose oil ignition from iz to 16 per cent, of water. Nearly 
related to these minerals are the various varieties of com- 



274 



DETEKMIA-ATtlK MIXEkALOGY. 



ruon ilay, some varieties of Lithamarge (witb 14 per cenl. 
of water ), and SehrStterile, with 35 per cent, of water, Mi- 
hschiU and /failoysite, with 34-26 per cent, of water j the 
clays become plastic with water; the latter three not, tmt 
fall to pieces. 

CumiMue nlso Laiulile, Svaniergitt, PyrofhyliUt, Disltrrilt, 
IVSrllliU, AfyeliH, Agalniatiilitt, which field water ia malross, bul 
unly B very tittle. Compare also Ripidolitc. 



Section S. Before the "blowpipe in a tnatiaas give 
no water, or but a trace. 

Alumian, AIS^O,. Before the blowpipe on tbarcoai 
gives the sulphur reaction. 

LazuliU, (Mg,Fe)AlP,0, -[- H,0. Gives the reaction 
of phosphoric acid (par. no). Heated, loses its blue 
color and becomes white. Not affected by acids. 

Svanbergite, P,Oj,SO„AIO,,CaO, etc. On charcoal 
gives the sulphur reaction; color yellow, yellowish- 
brown. 

Willemite, Zn^iO^. With cobalt solution (par. 53) 
becomes blue, and green in spots. Gelatinizes with 
hydrochloric acid (see par. 303). 

ACw//», Al.SiOj ; AgalmatoliU, SiO„AlK,0,H,0; Py- 
rophyllite, AlSi,Og+ H^O. Are very soft. Hardness 
1-2. Pyrophyllite is foliated like talc ; before the blow- 
pipe swells up and spreads out into fan-like shapes, in- 
creasing lo about 2o times its former bjilfc. The com- 
pact varieties do not exfoliate. The others do not change 
before the blowpipe. Myelin is partially decomposed by 
hydrochloric acid; agalmatolite not affected. 

Westonitf, A!O3,Si0„H,O. Color brick-red. Behaves 
like pyrophyllite, but is dull, and not of pearly lustre. 

HusCOTite, H,AlSi.O(. Cleavage eminent in one di- 
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rection ; folia elastic ; does not swell perceptibly before 
ihe blowpipe; fusible iu very thin lamina; with cobalt 
solution is blue only in spots ; not affected by acids ; 
hardness 3.5. 

Bramiisile {\3.\\^\.y of Seybertitej. Cleavable in one 
direction. H. 4-5. Before the blowpipe fresh pieces 
become grayish-white and cloudy, and then, moistened 
with cobalt solution and ignited, become distinctly blue. 
Decomposed by concentrated sulphuric acid. 

Andalnsite, AlSiO,; Cyailit*', AlSiO,, are but little 
affected by acids. Cyanite occurs generally in bladed 
crystals; cleavage very perfect at 106°. H. — 5-7. 
Color blue, white, gray, black. Hardness of andalusile 
7.5. Andalusite with salt of phosphorus is decomposed, 
leaving a skeleton of silica in the bead. It cleaves in two 
directions at 91^°. H.^7.5; 0,-3.5. 

Si7/imam'/e, Worthite, Moiirolite (vars. of Fibrolite), 
AlSiO;, are closely related. 

Topaz, A1Sl(0,F,)j; Rubellit© [Tourmaline], (Li, 
Na,K)eAlaB^Si,Oj5. Not affected by acids. Not com- 
pletely soluble in salt of phosphorus; the glass becomes 
opalescent on cooling. Topaz on being ignited remains 
transparent and does not swell. Fused in the open tube 
with salt of phosphorus, gives the fluorine reaction. 
Topaz is cleavable in one direction. H.= 8. Rul>ellite 
on being ignited becomes white and swells ; fused with 
acid potassium sulphate and fliiorile, gives a green flame 
(boric acid). Is pyro- electric. No cleavage, H.= 
6.5 i G.= 3. 

Oomnduni [Sapphire], AlO, ; Chrysoberyl, BeAl 
0,. Not affected by acids. When pulverized, slowly 
but completely soluble in salt of phosphorus; the glass 
does not opalesce on cooling. Hardness of chrysoberyl 
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8.5; G. = 3.7; of corundum, g; G.:=4. Color of 
the former usually green ; of the latter, blue, red, yellow, 
browu. 

Compare Spinel. 

(Some varieties of Leucite assume a blue color with 
cobaltsolution, but its hardness is not over 6, CussitniU, 
also, in fine [>ow(1er, lakes a blue color ; also green, (lives 
with cyanide of potassium globules of tin. Quart! also 
lakes 3 pale-tlue color with a reddish tinge.) 

Division 2. Moistened with cobalt solution and 

iffQitBd, assume a green color. 

It is sufficient to heat to redness. The minerals of 
this division give a coating of zinc oxide on charaisli 
par. 34. 

SmithRonite, see par. 302. 

Hydrozlncite [Zinc Bloom], Zn.COj-l- aaq. Dis- 
solves readily in hydrochloric acid with effervescence; 
the solution gives with ammonia a white precipitate, sol- 
uble in an excess of the reagent. Yields water is * 
matrass. 

Willemite, see par, 303; Calamine, see par. 304' 

Gelatinize with hydrochloric acid. Calamine yield* 
water, willemite not. With cobalt solution assume * 
green color only in spots. 

(See Sjihaleritc and- Goshirite, also Cassiteriic') 

Division 3. After ignition have an alkalin 
action, and change to reddish-brown 'Uie d 

of moistened turmeric paper. 

BrilciU'. H,MgO,; Hy,lrodol.mitt,■s{Q^.M%^C6, 
H,0 ; Hydromagneeite, Mg,C,0,„ -f 4ail- Vield muih 
water in a matrass, unlike the other minerals of this 
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division. Brucite dissolves in hydrochloric acid with- 
out effervescence, hydromagnesite with effervescence. 
The concentrated hydrochloric acid solution of the hy- 
dromagnesite is not precipitated by sulphuric acid, while 
the tatter yields a heavy precipilale. Frfdamtr^, aCa 
C03 -f H,MgO„ and PencaiiU, CaCo, + H,MgO„ 
similar in behavior to the hydrodolomite. Pyrochroite, 
H^tMnMg)©,, is similar in reactions to brucite, I 
boiled with concentrated phosphoric acid, gives, on ad- 
dition of nitric acid, a violet-red solution. Lancasterite 
is a mixture of brucite and hydromagnesite. Nemalite 
is a fibrous variety of brucite, of silky lustre. 

Calcitc, CaCOj ; Ar^onito, CaCo^. Dissolve readily 
and with effervescence in dilute cold hydrochloric aci 
the concentrated (but not the dilute^ solution gives a 
precipitate with sulphuric acid. Aragonite falls to pow- 
der before the blowpipe, calcite not. Calciie, H.^3; 
C — 2.6-2.8; aragonite, H.— 3.5-4; 0=3.9-3. (See 
Strontianite. ) 

Dolomite, (Ca.MgjCo,; Magnetite, MgCo^. Do not, 
or but slightly, effervesce with cold dilute hydrochloric 
acid, but dissolve readily on application of heat. The 
concentrated solution of the former gives a precipitate 
with sulphuric acid, that of the latter not. 

Compare Sii/erili, see par, 254, .ind RhmlQchiosilr, see par. 274. 

Strontianite, SrCO,; Barytocalcite, (Ba,Ca)CO,. 

Dissolve with effervescence in dilute hydrochloric acid; 
the solution, even if largely diluted with water, gives a 
precipitate with sulphuric acid. Strontianite colors the 
flame red, par, 59; barytocalcite, yellowish - green. 

Compare Vt/roceriff ; also TaU atid Afinrm-ile, bIiicIi, adti igiii- 
lion, saniFlimt^ give an alkaline reaction. 
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Division 4. Completely soluble, or nearly so, in 
hydrochloric or nitric acid, without gelatin- 
izing by evaporation or leaving a considerable 
residue of silica. 

Lithiifhorile, MriO,CiiO,CoO,Li.O,BaO,A10„MnO.. 
H,0. Color bluish-black. Colors the flame carmine- 
red. 

ludwigite, FeOj.FeO.MgO.BaO,. Color black. Diffi- 
cultly liisible. Witli sulphuric acid and alcohol give the 
green flame of boric acid. 

Cenmnlite, Sbp^ -(- Sb.O,. Before the blowpipe, on 
coal, infusible, liut with soda easily reduced to metallic 
antimony. Color j'ellowish. 

Stibkonite, SbO, -f- H,0, and Volgerite, Sb,0, + 5 aq, 
are similar. They yield water in the matrass, the fonner 
5 per cent., and the latter 15 per cent. 

Nillf rf t<^, see par. 354 j Bhodochrosite, see par. 274; 
Zaratite, see par. 284. Dissolve in hot hydrochloric 
acid with effervescence. 

Mesititft, Mg^FeCjO,. Blackens and becomes mag- 
netic before the blowpipe. Slightly acted upon in the 
cold by acids; but, if powdered, dissolves readily wiili 
effervescence in hot hydrochloric acid. Color yellowish- 
white to brown. Streak, nearly white. 

Ankerile, (Ca,Fe,MglC03. is similar to the last- If 
dissolved in aqua regia, the iron precipitated by am- 
monia, a heavy precipitate will be formed on addition 
of ammonium oxalate. 

HydrotakUe, A10,,MgO,H,0,CO,. Yields water in 
matrass. Does not become magnetic in the reduction 
flame. In powder, effervesces with hydrochloric acid 
and dissolves completely. If the solution is neutralized 
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with sodium carbonale and filtered, ammonium oxalate 
gives no precipitate in the filtrate, but a precipitate is 
formed liy hydro-disodium phosphate and ammonia. 

/'tfrmV^,3(Ce,La,Di|COj-|-(Ca,Ce)F„ is slowly soluble 
in hydrochloric acid with effervescence. The solution, 
not too acid, gives a white precipitate with oxalic acid, 
which becomes brick-red by ignition {cerium oxide). 

Liraonite, see par. 348; Gotllit^", see par. 249. 

Tnrgite, H^FCjO,, forms a brownish -red powder, - 
and loses by ignition 5.7 per cent, of water (see par. 
250)- 

(See also Hcmaiite, which in some varieties is without 
metallic lustre; readily distinguished by its red streak. ) 

Hphalerite, see par. 300; GreenockiU, CdS. Dissolve 
in hydrochloric acid with evolution of sulphuretted hy- 
drogen. Give the sulphur reaction, par. 121. Green- 
ockite gives on charcoal a coating of cadmium oxide, par. 
35, the others of zinc oxide, par. 34. Marmatite, FeS -|- 
3 ZnS, gives, after calcination with the fluxes, the reactions 
of iron. 

"Wad, see par. 273 ; ZlDClte, see par. 301, 

Asl'olite (var. of Wad), see par. 273. Some varieties 
are fusible. 

Uraninite, Up,; Zippdte, U,SAi+i2Hp. Give 
with the fluxes the reactions of uranium sesquioxide 
(Table II. 1. Give with nitric acid a yellow sohition, 
in which ammonia produces a sulphur-yellow precip- 
itate. Uraninite is black; zippeite, yellow. G. of 
uraninite, 6.5. 

Turquois, Al.P,0„ + 5aq with Cu. Color sky-blue 
to green. Gives the copper reaction, par. 91. Mostly 
soluble in caustic potash, leaving a residue of brownish 
color containing copper. The solution in nitric acid 
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gives a yellow precipitate with amnionium moIybdaM 
Vidds much water in a matrass. G.^2.6-a.8. 

Apatite, 3CaP,0B+ Ca(CI,F),. Gives [he phosphoric 
acid reaction, par. no. Fusibility 5. Soluble in nilric 
acid. If the solution is not too acid, a precipitate of 
lead phosphate is formed with the acetate, and of cal- 
cium oxalate with ammonnim oxalate. G.^3.2. 

Monasite, 5(Ca,La,Di)3Pp, + Th,P,0,, Infijstble. 
Gives the phosphoric acid reaction, par. 110, Soluble 
in hydrochloric acid. Minute tabular crystalsof reddisb* 
brown color, G.^^5.2. 

Ckildi-etiiie, (FeMn),Al,PsO^+ isaq, Givesthephifr 
plioric acid reaction, par. 1 10. With the fluxes gives ihe 
reaction of iron and manganese. Soluble with difficulty 
in hydrochloric acid. After ignition is magnetic. Moist- 
ened with sulphuric acid, colors the flame greenish. Yields 
much water, Sp, gr. 3.1. 

Polycrase, YO,TiO„Cb,Oj,FeO,UO,H,0, etc. Decrep- 
itates, hut infusible. Color black. On fusing the pul' 
verized mineral with caustic potash, dissolving the fuseti 
mass in water, neutralizing the filtrate with hydfocblorii: 
acid, a precipitate is formed, which, boiled with an 
excess of concentrated hydrochloric acid and tin-foil, 
gives a cloudy blue solution, which filters clear and blue 
after the addition of a little water. This solution colors 
turmeric paper orange-yeilow. G.=^5. 

FluoceriU, Ce,F„ and Baslnasite, Ce,Fs -f Ce,0, + 
4aq, give the reactions of fluorine, par. 92, and of 
cerium sesquioxide (Table 11. 5). Bastnasite gives off 
carbon dioxide when treated with acids. Their color is 
yellow. G,=^ 4.7-4,9. Ytlrocerile, (Ca,Ce,Y )F„ be- 
haves similarly, but lias an imperfect cleavage in two 
directions. G.^s-j. 
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Divisiotl 5. With hydrochloric acid gelatinize, 

or decompose with separation of silica, 
Section 1. Before tbe blowpipe give water in a 
znatrasB. 

Dioptase, H.CuSiO^ emerald green ; Cfarysooolla, 
see par, 234, blue lo green, H.~2-4; Cyanoehahite, 
CuO,PA.SiO..H,0, azure-bhie, H.=4.5, lustre dull. 
Behave alike before the blowpipe; the first gelatinizes 
with acids, the latter not. 

UranotiU, Qs-^^xfi^-^ \^s.K\. Color lemon-yellow, 
lustre vitreous. Aticular crystals. 

Xonaltite, 4CaSiOj -f H,0. Massive; very hard; 
white to gray ; yields water ; infusible (?) ; decomposed 
by hydrochloric acid, in which solution of ammonium ox- 
alate gives a heavy precipitate, but ammonia none. 

Thorilf, Th,SiO,+ H,0; CtriU, (Ce,La,DJ),SiO, + 
H,0- Gelatinize with hydrochloric acid. The solution 
of cerite, not too acid, gives, with ammonium oxalate, a 
while precipitate, which becomes brick-red if ignited on 
platinum (cerium oxicJe). Color of thorite is black; 
streak dark-brown ; hardness 4.5-5; of cerite, hrown to 
red, passing into gray; streak white; hardness 5.5. 
Their sp. gr. is 4.9-5.4. 

Chloropat, Fe^SJjO, + 5 aq ; Wnkhonskoite, MgO,AI, 
Oj,Cr,Oj,FeP3,SiO„H,0; and GenthiU, H,|Ni,Mg),Si, 
0,3. Amorphous, with resinous lustre (see par. 285). 
Wolchonskoite is dark sea-green, and gives with borax 
an emerald-green head, which continues when cold. The 
others are yellowish-green. Chloropal gives a green bead, 
which fades on cooling, and genthite a violet bead in oxi- 
diaing flame, becoming gray in reducing flame. If the 
mineral is powdered and moistened with potassa, the chlo- 

24" 
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ropal lietoniw black wilhoul boiling; genihiie tariK brom 
after boiling uiilil conccnlralcd ; anii wolrhonskoiie is not 
chatigrd. 'I'hc hydnxhlurif acid solution of genthile wilh 
ammonium in rxress becomes ainrc-blue. Gcnihitegiws 
off water in the closed tube and blackens. 

<romi>arc GHIingiU. Div, 5, p. 250, and Kylotik, Die 
S, Sect. 3. Become magnetic by ignition ; readily (l^ 
compo«ed by hydrochloric acid. Gillingite is black; 
amor|ihoiiit ; xylolile Is light- or dark-brown ; of fibrous, 
woody Klnirture. 

SspioUto, Mg,Si,0, -f laq, gelatinizes with hydro- 
chlorii acid; very light; C.^i-j; absorbs water with 
Itrtat avidity J gives the magnesia reaction with cobalt 
noliilinn (par. 53); before the blowpipe turns white and 
shrink* ; forma a jelly-tike mass with hydrochloric acid. 

Hasfite or SchUla-spar [impure Serpentine] ; Chr^i^ 
tiU, Mg,Si,0, + aaq, ]>ossess a metallic, pearly lustre; 
the former is massive, cleavable; the Litter fibrous, By 
ignition Bchiller-spar becomes brown ; chrysotile, whiK' 
Both are decomposed by hydrochloric acid, or more 
readily by sulphuric acid, without gelaiiniBing. Mets»- 
iff in greenish-white, similar to chrysotile. 

Otrolite. H.Mg,Si,0,+ H,0. Amorphous; H.=a- 
3; G.!^,3.3. Color greenish, yellowish, reddish. Before 
the blowpipe blackens, but does not fuse. Ignited with 
cobalt soiniion, a pale llcsh-red color. By ignition loses 
30 per cent. 

HerpniltlUO, Mg,Si.O, 4- aaq; often with Fe, Ni. and 
Cr. DeromiHiscil by concentrated hydrochloric acid with- 
out gelntinixing. Usually massive and compact ; hardness 
3-4 ; loss by ignition ,131013 P^^ c*^"*- ^^ similar com- 
position, and showing a similar behavior, are the follow- 
ing minerals, which, however, possess crystalline structure 



and cleavage : Purophyll, fibrous ; greenish-gray ; hard- \ 
ness 2,5; loss by ignition, loji per cent. I'krosmint, \ 
greenish- while, dark-green, gray; harrlness 2.7; loss by 
ignitiui), 9 per cent. Afiirmolite. greenish and blnish- 
while ; hardness a. 5-3; loss by ignition, 15.7 per cent. 
Anligorite, hardness 3-5; loses by ignition, 4 to 6 per 
cent. Penninite, Mg,Al,SijO,j + 4aq. H.^a.5; lustre 
pearly ; color green, gray, red ; crystals often tabular and 

in regular groups ; gives little water and exfoliates. 1 

(^See also Oi/orite and Pipidolite, which are with diffi- \ 

njlty decomposed by coiuentrated hydrochloric acid.) 
Monradite, 4(Mg,Fe)SiO,+ H,0; .A^m/Zfr , MgO,A10„ 

SiO„H,0. Decomposable by concentrated hydrochloric 

acid without gelatinizing ; loss by ignition, 4 to 6 per cent 

Monradite, hardness 6; neolite, insilkyfibres, or massive; 

hardness 1. 

(See also some varieties of Seybertite, Mg^CajAl^Fe^SiOa. 

Hardness 4-5; lustre pearly, submetallic; color yellow, 

reddish-browD, copper-red.) 



Before the blowpipe in a matrBea give 

no water, or but a trace. 

(;rt^/,.///r//^,SiO,(V,Fe,Ce,Be\,i CfM^Z/c, Ca,(AlFe)Si, 
0.„, gelatinize with hydrochloric acid. Gadolinite swells 
before the blowpipe into cauliflower-like masses, and some- 
times exhibits a vivid glow ; thin splinters fusible on the 
edges; color black to blackish-green; hardness 6.5-7; 
G. ^4-4.3. Gehlinite is also fusible in very thin splin- 
ters; color gray to grayish-white; hardness 5.5-6; G. 
= 3- 

ChrysoIite,(Mg,Fe)^iO.;H.^7iChondrodite,Mg, 
SijO^, with part of the oxygen replaced by fluorine. H. 



inize with hydrochloi 
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former, green ; of Ihc latter, mostly white, yrfhw, or 
bro«m. Chondrodite gives the Btiorine reacrion (pw 
93). MnnticflHtr, t Ca,Mg i^iO,, is isomorphous oilb 
chrysolite. H. =^3-5,5; color yellowish, greenish-gray, 

ind white. 

Cumpare //mffitrilf, p. 249. 

Porslirite, Mg.SiO,. Cleavage distinct in one ditet- 
lion ; color white, grayish, yellow, wax-yellow; before 
the hlowptpe unaltered and infusible ; decomposeJ liy 
HCl, with separation of gelatinous silica. Var. BaU»- 
ni/e gives traces of moisture in matrass and becomes col- 
orless. ( See also Seybertite.') 

Leuoite, K^M^Si^,,, decomposed by hydrochloric 
acid, the silica separating as a fine powder; some varic- 
es liecome blue with cobalt solution ; occurs usually in 
lapeKoherirons ; color grayish or white. H.;=5.s; ti. 
= a.5- 

Division 6. Not belonging to either of the pre- 
ceding diviBions. 

The remaining minerals, which cannot be classed under 
my of the preceding divisions, may be divided, accord- 
ing to Iheir hardness, in two sectiotfs. 

Section 1. HardneBS below 7. 
Biotit^' [Hexagonal Mica], K,(FeMg),AlSi,0^; Mus- 
covite [Oblicpie Mica], K,AISiAi TbIc, H>lg,Si,0,„ 
■ little or no water in a matrass. Talc loses at inc«l 5 
])er cent. Cleavage eminent in one direction. Hardness 
of biotite, 3,5-3; ^f muscovite, 2-2.5; *•'" ^^*^i i-i-S- 
Talc has a greasy feel, the olhers not. Biotite is decom- 
]X>sed by concentrated sulphuric acid, the others uot, 
liiotito ia optically uniaxial, sometimes biaxial, but the 
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angle of divergence Joes not eitceed 5°, and selilum 1°, 
Turned in the staii rose ope, thu black cross is not clianged, 
while with tlie others it is changed with various colors. 
The optic axial-angle of muscovite is44''-78°, ofmargaro- 
dite the same, and of phlogopite ^-%o'^, seldom less than 
5°. The laminse of biotite and miibtovite are elastic, of 
talc not. Suapslone, or Steatite, is a massive, usually 
compact, variety of talc ; very greasy to the feel, or like 
soap. (See also PyrophylUte.) Margarodite, K^I.Si, 
Ob-(- H,0. and Phlogopite, K^Mg,Al,Sip„, are decom- 
posed by sulphuric acid. Margarite, Ca,Al^i,0,i + 
up, with pearly lustre, and (Ellacherite Kj(Ba,Mg)AI, 
SijO.s, with 5j^ per cent, baryta, are nearly related to" 
the muscovite. 

Prochlorite. HJFeMg),„Ai3Sip^,i DcUssite, Mg.Fe 
A103*=eOjSiO„H,0; Ripidolite, MgjAl.SijO,, + 4aq. 
Lose by ignition 12 per cent, of water. Cleavage emi- 
nent in one direction ; laminae not elastic (both often 
massive-granular). Hardness of prochlorite, a; of ripi- 
dolite, a-2.5. Delessite has a short fibrous structure. 
H. — 1-2.5. ^^ easily decomposed by concentrated hy- 
drochloric acid, the others only with continued boiling, 
more readily by sulphuric acid. Ripidolite fuses with , 
difficulty {5.5) to a grayish-yellow enamel ; prochlorite 
becomes black and slightly magnetic. Ripidolite gives, 
with borax, a clear chromium-green glass, and prochlo- 
rite a glass colored by iron, which loses color on cooling. 
Ripidolite is monoclinic ; prochlorite, hexagonal. 

Leuchtcnbergite, H.^a.5. Colorless, white, yellowish- 
white. Before the biowpijie exfoliates and fuses with diffi- 
culty on the thin edges, becoming white and opaque. Pen- 
ninite, Mg,AlSi|0„-|- 4aq. H.^2.5-3often on edges. 
Color green, red, and white. With fluxes, all the vari- 



386 



DETKKMINATIVE MIXERALOGY. 



L-lks give the reaction for iron, and many for chr> 
miiim. Completely decomposed by sulphuric acid. 
Chloritoid, (Fe,Mg)(AlFe}SiO,+ H,0, is not per- 
ceptibly acted upon by hydrochloric acid, but com- 
pletely decomposed by sulphuric acid. H.^=5-6. Loa 
by ignition, jj^ per cent. 

Cerolite. (Compare Div. 5, p, 282.) Amorphous. 
Vellowish-white. Greasy feel. H. = 2-3. Loss by ig- 
nition, 30 per cent. Mostly decomposed by hydro- 
chloric acid. Does not adhere to the tongue. 

Beauxitt, (AlFejO, -f aaq. Amorphous. Often o61i- 
tic, grayish, reddish-brown, and red. H.=^3 ; G. = 2,S. 
Loss by ignition, zo per cent. Only slightly atlaclced by 
hydrochloric acid, but completely dissolved by concen- 
trated phosphoric acid. 

Compare Argillile. 

Wolchonskoitt. (See Div. 5, p. 381.) Amorphous. 
Color dark-green. Boiled with phosphoric aciil, it giv« 
an emerald-green solution, which, if diluted with wa'efp 
retains its color, but gelatinous silica separates 0"'- 
Chramile also gives the chromium reaction, but its color 
is black, and streak yellowish-brown. 

WanfUkite, z Mgf iO, + Mg^B^O,,. Its powder is 
decomposed by sulphuric acid j evaporated to drynCS 
and moistened with alcohol, it gives the green flanic- 
If this mass is boiled with hydrochloric acid and tin- 
foil, and concentrated, the solution is violet; or, diluted 



Vilh 1 



red. 



EnBtatite, MgSiO,; Anthophyllite, (Mg,Fe)SiO,. 
Cleavage of enstatite very perfect in one direction ; an- 
thophyllite cleaves in two directions, under 124" 30'. 
The former is of clove -brown or pinchbeck -brown 
color, with a pearly-metallic lustre; the lustre of ODthor 
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phyllite is much less perfect. Hardness 5-5.5. Hy- 
persthene, (Mg,Fe)SiOj, is closely related, and cleaves 
at 86^°. H. = 5.5, On charcoal, before the blow- 
pip^i gives a magnetic mass. 

DtngstiU, WO3. Boiled with phosphoric acid, it gives 
a bluish solution, which, shaken while warm with iron 
filings and a little water, becomes dark-blue. Occurs iu 
soft, earthy, yellow masses. 

Scheelite, CaWO^. Fusibility 5 ; hardness 4.5-5. 
The pulverized mineral, on being boiled with nitric 
acid, leaves a lemon-yellow residue of tungstic acid. 
Gives the reactions of tungstic acid (Table 11.). 
Ca8Sit4>ril«, see par. 299. 

Ootahedrite, Hutile (both dimetric, with adamantine 
lustre), and Brookite, (trimetric), TiO,. Give the re- 
actions of titanic acid (Table II.). On fusing the pulver- 
ized minerals with caustic [wtash, dissolving the fused 
mass in hydrochloric acid, and boiling the solution 
with metallic tin, it assumes a viulet color, which turns 
to red on addition of water. Color of octahedrite, 
various shades of brown, passing into indigo-blue; of 
rulile, mostly brownish-red or red, sometimes yellowish 
or biackj of brookite, hair-brown, yellowish, or reddish 
(variety Arkansiie is iron-black). Hardness of octa- 
hedrite, 5.5-6; of rutile, 6-6.5; of brookite, 5.5-6. 

Euxcnitc,(\,Ve,\J);V\,C\O^H,0, anA.'Esi-hyniUACt, 
La.Di,Fe,Y),Cb,(Ti,Th),0^; Pyrochlorc, Cb,OjTiO„ 
ThO,CeO,CaO,FeO,NaP,F. Treated like the preced- 
ing with potash, etc., the solution, on reaching a certain 
degree of concentration, assumes a fine blue color, on ad- 
dition of water, which changes in the air to olive-green, 
and gradually disappears. ^Eschynite swells before the 
blowpipe, and turns yellow or brownish. The color Is 
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black; the powder light-brown. Euxenite unaltered be- 
fore the blowpipe, Color brownish-black. Powder red- 
dish-brown. Tiiey have a metallic, greasy lustre. Py- 
rochlore is distinguished by its octahedral form, Color 
brownish-red, and powder light-yeliow. 

Opal, SiO, -j- aq. Amorphous. Before the blow- 
pipe yields water and becomes opaque ; fuses with sod* 
to a clear bead, with effervescence. Infusible. Boiled 
with potassium hydrate, it dissolves completely or 10 a 
great extent; the solution gives a gelatinous precipitate 
with ammonium chloride. Hardness 6-6.5. G.=a-i.3' 

Xenolime, (,Y,Ce),P,OB. Color various shades of brown 
or flesh-red. Hardness 4-5. (;. = 4.4, Gives the phos- 
phoric acid reaction, par. 94. Infusible. With salt of 
phosphorus dissolves with great difficulty to a colorless 

(See also Childrtnite ^.vA Orthoelase.') ^^^H 

Section 3. Hardnees 7. or above. 

(See Cassitnitc, Rulik, and Opal of the jireceding 
section, whose hardness sometimes approaches 7.) 

Qnartz, SiO,. The several varietie.s of quariz. Roct 
orystal, Amethyst, Homstone, Flint, Chalcedony, 
etc., are infusible and un:ilterable before the blowpipe, 
and fuse with soda to a transparent bead, with efferves- 
cence. Alone in the strongest heat are unaltered and 
infusible. In a fine powder, fused with potash, the mas* 
is more or less soluble in water. In this solution, ain- 
monium chloride in excess givw a heavy white precipi- 
tate {hydrated silica). H.;^7, and gives sparks with 
sleel ; G. = 2.6. Tridymile, SiO,. crystallizes in micro- 
scopic hexaponal plates. 0.^^3.2-2.3. 

Iolite,(Mg,Fe),Al,Si,0,B; Staurolite, H,(Mg,Fe)^ 
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Si^Oj., do nol fuse to a transparent glass with soda. Fusi- 
bility of iolite, 5-5.5; color blue, grayish; G. = a.6. 
Siaurolile is infusible; color brownish-red, brown j crys- 
tals often cmcifonm ; CI. — 3.6. 

Berj-I, BejAlSi^O.^; EucUise, H,Be,AlSi,.,0„; Phena- 
cite, Ue,SiO,; Zircon, ZrSiO,. Hardness 7.5. Beryl 
and euclase turn milk-while with strong heat, and become 
rounded on the edges; beryl crystallizes in hexagonal 
prisms and possesses quite distinct basal cleavage; color 
usually paie-green or emerald-green. Eiiclase crystallizes 
ill clinorhombic prisms, and possesses distinct cleavage in 
two directions at right angles lo each other; color pale 
mountain-green, passing into blue and white. Phenacite 
and zircon do not change before the blowpipe, excepting 
that zircon becomes colorless; color red, yellow, or color- 
less ; zircon sometimes brown or gray. Zircon, powdered, 
fused with potash, and boiled with hydrochloric acid, the 
diluted solution colors turmeric paper orange-red. If the 
acid solution is concentraled to cryslalUzalion, boiled with 
a saturated solution of potassium sulphate, a white precip- 
itate is formed {zirconia). Phenacite is a little harder 18) 
than zircon. G. of zircon, 4.4; of the others, a.7-3. 

Topaz,AlSi(0,FJ5. H.=8;G.=3.5. Orthorhombir. 
Before the blowpipe infusible. Some varieties take a wine- 
yellow or pink tinge when heated. Fused in an open tube 
with salt of phosphorus, gives the fluorine reaction. With 
cobalt solution the pulverized mineral gives a fine blue on 
healing. Very slightly attacked by stdphurir acid. 

OiiTjaroviie [Lime-chrome Garnet], Ca;t'rSi,0„. Em- 
erald-green ; infusible, but by ignition becomes blackish- 
green, and on cooling again, emerald-green. H.::^7.5- 
8; G.=3.5. Gives with fluxes the chromium reactions 
(Table II.). 

S& T 
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8pliiel, (Mg.Fc ti AlFe )0, iPU^nastr) ; Gafanite, (Zn, 
Mg>iAl*^,0,. Hardness 7.5-8; occur almost oclu- 
sively in oruheilral crj-^ab. Spinel and pleonasce, »bei> 
pulverized, are lioliilile in sail of phosphorus ; color of 
spinel, red, blue, brownish ; of pleonaste, black. Galin- 
Uc is aliuoU insoluble in sail of phosphorus amiboMXl 
color ilaik-grecn or black. KreittottiU is a black gahnite 
containing zinc and iron, slightly magnetic before igni- 
tion ; so also DysiuiU. The specific gravitj- of the 1^' 
three =^ 4,3-4.6 ; and of the other spinels^; 3.6. 

Diamond, C. Characteri/ed by its hardness, whichsuf- 
passes that of corundum. H.^io; G. ^3.5-3. 6. 



Milierul Coal, see pars. 306-308. Albfrtik, color jtl- 
blaLk ; slightly soluble in camphene. Grahamitr, colut 
piichy-black; mostly soluble in camphene. Asfhalh»> 
see par. 309. 

Simple Hydrocarbons. Marsh Gas, CH,, PetrO* 
Iviini, mineral oils of density from 0.60-0.85, ^"l^^''' 
ite, Ozpccrite, Urpelhitt, ZieirisikiU, and Pyrofissite be- 
long here. Etalcnte, see par. 311. Fichtelite and Hariiif 
are of the cani])hene series; also Dinite and IxolyU- 
Naphthalin and Idrialite belong to the benzole scriSi 
and probably Arnf^iitite. 

Oxygenated Hydrocarbona. Amber (see par. 310I1 
Capalitf, Amlirile, SclereHmte, Euosmite, etc. GeoetriU, 
Gctimyricile, are wax-like. Of those not resinous are— 
GuyaquillUe, Tm-banite, lonite, WollingiU, etc. In Tas- 
manite and DysodiU part of the oxygen is replaced by 
Hulphur. 

Aoid Ozygenated Hydrocarbons includc- 
rellile {Jiflg-I>iitttr\, Sucdncllitc, Dopfleriie, 1 



^H OXIDIZED MINERALS. 2g[ ^H 


The oxidized miner alB, arranged according to ■ 


their ftisibihty and behavior before the blow- 


pipe on charcoal with sodium carbonate. | 


(From Flal/iify-s Blir^pipc AnalysL.) ^^^| 


a. Minerals fusible to 


sbead. ^H 


a. With soda yield a fluid bead : 


■ 


Acmitc, Elaeolite* 


Oligoclase, ^^H 


Allanilc,* Eudialyle, 


Pyrasmolite, ^^^H 


Axinile* Garnet, 


Sassdlitc,* ^^H 


Boracite,* Helvite, 


Scapolitc,* ^H 


Borax,* Hydroboracite,* 


Sodalite (Greenland), ^H 


BolryolitE,* llvaile, 


tjpodumene. ^H 


Crocidolite. Labradorite, 


Talc, black, ^^H 


Cronsitedtile, Lapis -Lazuli, 


The Zeolites,* ^^^k 


Datolile ,• Mica, from primitive 


^H 


b. With a little soda a bead, with 


more a slaggy mass : ^H 


Amblygonile, Okenite, 


Rliodonite,* ^H 


Fluorile, Orthite* 


Sodalite, ^^H 


Gamet, manEaniferous, Pectolite, 


Sordawallle, ^^1 


ManBane5E, black sili- Pyrorthite, 


Vesufiuiite* ^^H 


cite (hydrous tephroile P), 


^H 


c. With soda only a slag : 


■ 


Amphodelite, Iron, phosphaleE of 


Saponite, ^^H 


Autunile, i^esiquioiide, 


^^H 


Brevicile, Pharmacolile, 


Toumialine, potash, ^^H 


Fahlunite, Phsmipcosidcrite, 


^H 


Hauynite. Polyhalite. 


Triphylite, ^H 


Hetemsile, Pyrargillite. 


Wolframite. ^^1 


Pyrope, 


^^1 


d. Sink with soda into the charcoal : ^^H 


^L, Cdesatc, Witheritc, ^| 


^^^H * Dcnona Ilut the mineral fuses nlth iiilunicsc 


"J 
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t. Fuse with soda at first more or less perfectly lo a cleat 
maiis, but are decomposed by a sufficient (Quantity of soda, 
and leave behind an infusible crust, while the soda sinb 
into [he coal : 



A nil yd ri I 
Cryolile, 



Gypsum, 
Poljhaliie. 



/. Yield with soda reguline metal : Minerals consisting 
of reducible metallic oxides and their reducible salts. 



b. Minerals whioli fbse only on the edges. 

With soda yield a fluid bead : 



A I bile, Nephelile, 

Annrthile. Orthoclase, 

Emenld (beryl), Petalite, 

Kiitliiie," Sodalite (Vesuvius), 

h. With little soda a fluid bead ; n 



Titanite,* 
TurqBois. 



Epldote,' 



Hyperstheii 



e. Yield with soda only a slag : 

fnrphrilile, rlmellte, Scheelile, 

Dichtoite (inlile) blue, Pinilc, Setpenline, 

Laiulite,* Plumbogummite,* Tourmaline,' 

Mica,* from granite, Pyrochlore, (green). 

//, With soda sinks into the coal: 
lUrile. 

e. Fuse or only swell up with soda, but are decompo 
by a sufficient amount, leaving an infiisible crust, while ihe 
soda sinks into the coal: 

Apatite (swells up). Bnrite (calciferons), li 

• OmoEa ItiBl Ihe mineral fiiio wiih iniuiniac 



OXIDIZED MINERALS. 
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G. Infusible Mmerals. 

a. Give with soda a fluid bead : 

Agalmatolite, Ilisingerite, 



Dioptase, 
Fire-clay, 



Leucite, 
Pyrophyllite,* 



Quartz, 
Rutile, 

Sideroschisolite, 
Wolchonskite. 



b. With little soda, a bead ; with more, a slaggy mass. 



Cerite, 
Chrysolite, 



Gadolinite,* 

Phenacite, 

Picrosomine, 



Talc, 

Tourmaline* (lithia). 



c. Yield, with soda, only a slag : 
Aeschynite,* Chrome Ochre, 



Allophane, 

Aluminite, 

Alunite, 

Alunogen,* 

Andalusite, 

Brucite. 



Chrysoberyl, 

Cyanite, 

Diaspore, 



Ouvarovite, 

Polymignite, 

Spinel, 

Staurolite, 

Tantalite, 



Fluocerite, 

Gahnite (a zinc coat), Thorite, 

Gehlenite, Titanic Iron, 

Calamine (a zinc coat), Gibbsite, Topaz, 

Cassiterite, with much Iron, sesquioxide and Worthite, 

soda metallic tin, its sulphates, Xenotime, 

Chloritoid Manganese, oxides, Yttrocerite, 



Chromite, 



Oerstedite, 



Yttrotantalite, 
Zircon. 



d. Fuse or only swell up with soda, but are decomposed 
by a sufficient amount, and the soda sinks into the coal, 
leaving an infusible crust : 

Alum (kalinite), Calcite, Magnesite, 

Aragonite, Dolomite, Wavellite.* 

Barytocalcite, Epsomite, 

e. Sinks with the soda into the coal : 
Strontianite.* 



* Denotes that the mineral fuses with intumescence, effervescence, etc. 
25* 
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USE OF UITRIG ACID IN EXAMINING MINERALS, 

Bv Hrok. H. CARRINGTON UOLTON, Ph. D- 
Annaf-s of thk New York Academy op Sciences, Vol. II.,No.i. 

The organic acids in cominoD use, especially oxalic, 
tartaric, and citric acids, possess a power of decoinpoaing 
minerals Hide short of that of hydrochloric acid, aud in 
some cases may advantageously replace the mineral acid, 
Citric acid is the strongest in its action, and in concen- 
trated solutions, wiih the addition of either sodium nitralc 
or of potassium iodide, decomposes many minerals with 
characteristic reactions. 

The solution of citric acid employed is saturateri in 
the cold, and the minerals are very carefully [iQlveriiwl. 
Only a limited number of reactions have been studied- 

This method of examining minerals as to their solu- 
bility is particularly useful in field-iuork, owing to the 
easy portability of the solid organic acid. The soliil 
acid may be carried in a pasteboard box and dissolved 
in water obtained in the field. When heat is not \t- 
quired, simple tests may be made in a leather cupjj^^ 
dispensable to the travelling mineralogist. i^^| 

CarbonateB. ^^H 

All carbonates fin fine powder) dissolve with efferves- 
cence in a strong solution of citric acid. Magnesite and 
siderite require to be heated. 

Special reactions. Cakium carbonaiesdissolve inaslrong 
solution of oxalic acid, yielding a fine white precipitate. 

Siderite dissolves in the same on heating, yielding a 
light-yellow granular precipitate of ferrous oxalate. 

Witherile yields handsome feathery crystals of BaO- 

("erussite and oxalic acid yields a heavy white prectpiiaie- 



USE OF CITRIC ACID. 



295 i 



^^B Sulphides. 

^^tStibnite, galenile, sphalerite, pyrrhotite, and alabandite I 

ll (in fine powder) are decomposed by a strong solution of I 

citric acid in the cold, yielding H,S more or less freely. \ 

Bornite, bournonite, kermesite, and janiesonite act sim-l 
ilarly on heatin 

Argentite, pyrile, chalcocite, marcasite, niccolite, smalU J 
ite, clialcopyrite, ullmannite, arsenopyrite, tetrahedrite 
(uraninite), inillerite, linnteite, cobaltite, pyrargyrite, ber-.l 
thieriie, tennantite, bismuthinite, stepiiairite, hessite, andT 
habnerile, are decomposed by heatnig with a solution of ci-| 
trie acid, to which solid KNO^ ( or NaNOj) has been added. 

Cinnabar, realgar, and orpiuient resist this mixture, but 1 
are decomposed by heating with a solution of citric acid | 
and Kl ladded in solid form). 

Molybdenite and prouslile resist both these mixtures. 

Special reactions. Cinnabar dissolves quickly in a cold 1 
sohitionofoxalicacid. to which solid KI is added; if the KI J 
is not in excess, scarlet crystals of HgL form abundantly. ■ 

Galenite dissolves in a mixture of C and KI, yieldin 
lustrous yellow flaky crystals of Pbl,. 

Distinguishing characteristics. Pyrite. chalcopyriii 

and chalcocite are not decomposed by citric acid alone,-! 
while bornite and pyrrholite are attacked. 

Galenite may be detected in argentite, since the formei 
is attacked by cold C. yielding H,S, and the latter is n 
attacked on boiling. 

Pyrargyrite is deromposed by heating with C -|- KNOj,J 
or with C -|- KT, while proustite is not attacked. 



minerale. 

The following minerals dissolve in a strong cold solii-J 
tion of citric acid without evolution of gases : BrucitCi,! 
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■nglcsite, pyromorphile (feebly attacked), vivianite, aU- 
camite, clausthaliie, leucopyrite, libethenite, olivenitc, 
brochantile, cryptomorphite, ulexite, mimetiie, iriplite, 
plinrniacosiderile, pscurfo malachite, autuniie, waveliiie, 
prochloriie, laumontitt, herschelite; these last three willi 
separation of silica. 

The fuUowing minerals are attacked more or less strongl)' 
by a boiling concentrated solution of citric acid: 

Zincite, gypsum, apatite, cuprite, limonile, goethiie, 
metjaccaiiile, Washington ite, actinolite, allanite (?1, ue- 
philitc, leucite, staurolite, vesiivianite, wolframite l?li 
wulfenite (strongly attacked). Also jiyrolusite, wad, haus- 
mannite, manganite, psilomelane; these yielding CO, by 
decomposition of the organic acid. 

The manganese oxides are very readily dissolved b 
oxalic acid. 



Silicates. 

Prochlorite, laumoiuite, and herschelite are dccoffl 
posed by a strong cold solution of citric acid. Willem- 
ite, datolite, pectolite, calamine, natrolite are decomposed 
on heating, with formation of gelatinous SiO,. 

Wollastonile, chrysolite, chondrodite, prehnite, ch 
ocolla, apophyilite, rhodonite, analcite, chabazite, 1 
bite, serpentine, chrysotile, retinalite, deweytite, heulai 
ite, are decomposed with a boiling solution of C, | 
yield SiO,. ' 

Magnetite, hematite, and franklinite, also brauniie, an 
somewhat attacked by heating with a mixture of C + KI. 

When the minerals are exposed to the prolonged influ- 
ence of the acids (10 to 30 days), very different 'cs<§^| 
Htire obtained; but these are of little value in determu^H 
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TABLES SHOWING THE BEHAVIOR OF CERTAIN 
MINERALS WITH CITRIC ACID ALONE AND 

WITH REAGENTS. 

By Prof. H. Carrington Bolton, Ph. D. 



I. 
Decomposed (in fine powder) by a saturated solution of 

Citric Acid. 



X. IN THE COLD. 



B. 



IVithout evolution 


With liberation 


With liberation 


With separation 


of Gas. 


of CO2. 


of IL^S. 


ofSiO.^. 


Clausthalite, 


Calcite, ! 


Stibnite, 


Wollastonite, 


Leucopyrite, 


Dolomite,* 


Galenite, 


Rhodonite, ! 


Atacamite, 


Gurhofite, ! 


Alabandite, ! 


Chrysolite, 


Brucite, 


Ankerite,* 


Sphalerite, 


Willemite, ! % 


Gummite, 


Rhodochro- 


Pyrrhotite. 


Nephelite, 


Pyromorphite,* 


site,* 




Lapis-lazuli, 


Mimetite, 


Smithsonite,* 




Chondrodite, 


Triphylite, 


Aragonite, ! 




Pectolite,!J 


Triplite, 


Witherite, ! 




Laumontite, ! J 


Vivianite, ! 


Slrontianite, ! 




Chrysocolla, ! 


Libethenite, ! 


Barytocalcite, ! 




Calamine, ! % 


Olivenite, ! 


Cerussite, ! 




Apophylite, ! 


P^eudomala- 


Malachite, ! 




Thomsonite, ! 


chite, 


Azurite.* 




Natrolite,!J 


Wavellite, 






Mesolite, ! 


Pharmacosider- 






Analcite, 


ite,! 






Chabazite, 


Torbernite, 






Herschelite, J 


Autunite, 






Stilbite, 


Ulexite, ! 






Dewevlite, 
Prochlorite. 


Cryptomor- 






phite, ! 








Anglesite, 








Brochantite. ! 









I Completely decomposed or dissolved. 

X Gelatinizes. 



Feebly attacked. 
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a. ON BOILING. 


1 




E. 


F. 


G. 


H. 


Withcut evolution 


With liberation 


With liberation 


WUh separation 




of Gas. 
Cuprite, ! 


o/CO^. 


o/H^S. 


o/SiOi. 




Hausmannite, f 1 Bomite, 


Tephroite,t 




Zincite, 


Pyrolusite, ! f 


Jamesonite,* 


Ilvaite, 




Mel aconite, 


Manganite, f 


Boumonite,* 


Phlogopite,* 




Goethite,* 


Psilomelane, f j Boulangerite, 


Datolite,!t 




Limonite,* 


Wad,!t 


Kermesite, 


Prehnite,* 




Allanite (?), 


Magnesile, ! 




Heulandite, 




Apatite.* 


Siderite, ! 




Serpentine, 




1 Wolframite,* 






Chrysotile, 




Wulfenite^ 






Retinalite, 




Crocoite, 






Bastite, 




Gypsum,* 




/ 


Genthite, 
Gieseckite,* 
Jefferisite, 
Masonitc,* 




and those in A. 


and those in B, 


and those in C, 


and those in D- 




Dfxomposed b\ 


II. 

' BOILING WITH A SOLUTION OF Cl 


TRIG Acid on 






THE ADDITION OF — 






1 

I. Sodium 


Nitrate. 


K. Potassium Iodide. 




Silver, 


Smaltite,! 


Realgar,* 


Pargasite,* , 


Mercury, 


Cobaltite, ! Orpiment,* 


Olivine, 


Copper, 


Ullmannite, ! 


Cinnabar, ! 


Almandite, 


Arsenic, 


Marcasite, ! 


Hematite,* 


Pyprope, 


Antimony, 


Arsenopyrite, ! 


Menaccanite,* 


Colophonite, 


Bismuth, 


Nagyagite, 


Washingtonite,* 


Epidote, 


Sulphur,* 


Covellite, ! 


Magnetite,* 


>• 


Bismuthinite, 


Berthierite, ! 


Franklinite, 


and most oj 


Domeykite, ! 


Pyrargyrite, 


Braunite, 


those in 


Argentite, 


Tetrahedrite, ! 


Enstatite, 


A,B,C,I), 


Hcssite, 


Tennantite, ! Hypersthene, 


E, F, G, H, 




Chalcocite, ! 


Stephanite, 


Augite, 


and /. 




Tiemannite, ! 


Polybasite, ! 


Spodumene,* 






Millerite, ! 


Enargite,! 


Hornblende,* 






Niccolite, ! 


Uraninite, ! 


Actinolite,* 






Pyrite, ! 


Iliibnerite, 








Chalcopyrite, ! 


and those in C 








Linnseite, 


and G. 






. 


! Completely d 


ecomposed or dissolved. 


* Feebly attacked 




t The COa eve 


Ived IS derived from 


the citric acid. 


X Gelatinizes. 
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III. 




L. Minerals 


NOT DECOMPOSED BY THE ABOVE REAGENTS. 


Graphite, 
Molybdenite, 
Diopside, 
Petalite, 


Fibrolite, 
Kyanite, 
Topaz, 
Titanite, 


Chromite, 
Chrysoberyl, 
Cass ite rite, 
Rutile, 


Oligoclase. 
Albite. 
Orthoclase. 
Tourmaline. 


Asbestus, 


Staurolite, 


Quartz, 


Kaolin. 


Beryl, 
Zircon, 


Bowenite, 
Talc, 


Hyalite, 
Muscovite, 


Ripidolite. 
Columbite. 


Vesuvianite, 


Proustite, 


Lepidolite, 


Samarskite. 


Zoisite, 


Fluorite, 


Wernerite, 


Scheelite. 


lolite, 
Biotite, 


Cryolite, 
Corundum, 


Leucite, 
Anorthite, 


Barite. 

Celestite. 


Andalusite, 


Spinel, Labradorite, 
(Two hundred species.) 


Anhydrite. 



N. B. — The gases evolved are examined with lead acetate paper; 
the solutions with appropriate reagents. 




CHARACTERISTICS OF THE MOST IMPORTANT 
ORES: THEIR BEHAVIOR BEFORE THE BLOW- 
PIPE AND WITH SOLVENTS. 

Of ihe physical properties of the minerals which are 
described in this chapter, only those are enumenld 
which serve best to discri rain ale between the differcnl 
ores from each other. For a more detailed descriplioni 
I the student must refei to Dana's and other works on 
mineralogy. Among the distinguishing characlerislics 
of minerals, crystalline form, hardness, and specific grav- 
ity stand foremost. The latter cannot be aseertaioeJ 
without a balance, and will, for (his reason, \te of much 
less use lo the practical man than the determination of 
hardness. 

For scales of hardness, fusibility, and systems of 
tallizalion, see pp. 217, 221. 
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ORES OF ANTIMONY, 
200. Stibnite— Gray Antimony. Sb,S,. H.=a;C. 
^^4.5. 7i,8Sb. Triinetric. Of lead-gray color and 
streak, and metallic lustre. Usually of columnar struc- 
ture, consisting of a vast number of needle-shaped crys- 
tals, sometimes side by side, sometimes divergent. Very 
brittle. 
L It fuses readily in the flame of a candle. In a matrass, 
H sometimes yields a slight sublimate of sulphur; on increas- 

^L 300 
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fng the heat by application of the blowpipe flame, a coat- 
. ing is produced which after cooling is brownish -red, and 
which consists of a mixiiire of antimony trisulphidi; with 
antimony trioxide. In an open glass tube, emits sulphur 
dioxide and antimony fumes. On charcoal it is volatil- 
ized, covering the charcoal with antimony oxide, which, 
when touched with the reducing flame, liisappears with 
a pale greenish-blue tinge. 

When pure, wholly soluble in hot hydrochloric acid, 
with evolulion of sulphuretted hydrogen; usually a resi- 
due of lead chloride is left. Partly decomposed by caus- 
tic potash ; the solution, when mixed with an acid, affords 
a yellowish-red precipitate. 

201. Berthierito. FeSb^.. svSb. i3Fe. H. = 2-3; 
G.^4-4.3. Trimelric. Metallic lustre less splendent 
than slibnite; color dark steel-gray; surface often cov- 
ered with iridescent spots. 

Heated in a matrass, fuses and yields a slight sublimate 
of sulphur; on application of a strong heat, a black subli- 
mate of antimony sulphide is formed, which, on cooling, 
becomes brownish-red. In an ojwn glass tube it behaves 
like the preceding ore. On charcoal, tiises easily and 
coals the charcoal with antimony oxide; there remains, 
finally, a black slag, which is attracted by the magnet afld 
gives with fluxes the iron reaction. 

Soluble in hydrochloric acid. 

202. Kermesite.— Red Antimony. zSb,S, -f Sb,0,. 
75.3Sb. H.= i-i.5; G.==4.5-4.6. Monoclinic. Usu- 
ally in tufts of capillary crystals of cherry-red color, with 
adamantine lustre. Sometimes in thin leaves, flexible and 
sectile. Streak brownish-red. 

In a matrass, fuses readily and yields a slight yellow- , 
ish-red sublimate; with strong heat, boils and gives a 
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black sublimate, which when cold is brownish- red 
ATI open tube and on charcoal, behaves like stibniie. 

Il dissolves in hydrochloric acid with evolution ofw'' 
phureiled h)drogen. Thepowdered mineral, when tteil« 
wiih caustic potash, assumes an ochre-yellow color and dis- 
solves completely. 

Mineral; containing anlimony: Atlemontile. Valentinile, Seou- 
monlile, Cervanlite, Ijvingitoiiile, etc. 



ORES OF ARSENIC. 

203. Native Arsenic. As, with traces of Sb, Ag, Au, 
Fe, and Bi. H.=^3.5; G.^^s.g. Hexagonal. Ofdiiil 
metallic lustre; color and sireak tin-white, tarnishing on 
exposure to air to dark-gray. 

Healed in a matrass, sublimes; on charcoal, behaws 
like pure arsenic. In both cases sometimes a residue is 
left, which, when treated with fluxes, exhibits the reac- 
tions of iron, cobalt, and nickel (see par. 99). 

204. Orpiment Ss^^ As6i. H.^i.g-a; G.^3+ 
Trimetric. A foliareoiis mineral of lemon-yelluw color 
and streak, and resinous or pearly lustre. Sectile. 

Before the blowpipe behaves like the preceding, with 
this difference, that the sublimate, after cooling, is dark- 
yellow and transi>arent. 

Soluble in aqua regia and caustic alkalies. 

205. Realgar. AsS. 70.1AS. H. -1.5-2; G-=3.4- 
3.6. MonocHnir. Usually of bright-red, sometimes of 
orange-yellow color, and resinous lustre. Transparent to 
translucent; sectile; streak orange. 

In a matra.ss, fuses, boils, and finally sublimes; the 
sublimate, after cooling, is red and transparent. In an 
open glass lube, when carefully heated, yields a subli- 
mate of arsenic trioxide, sulphur dioxide escaping. On 
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charcoal, fuses readily and burns wifh a yellowish-white 
flame, emitting grayish-white fumes which possess the 
peculiar alliaceous odor. Subjected to the treatment 
described (see par. 70), a sublimate of metallic arsenic 
is obtained. 

Not easily affected by acids, but aqua regia dissolves it 
with continued digestion, part of the sulphur being pre- 
cipitated. A hot solution of caustic potash decomposes 
it, leaving a brownish-black, insoluble powder. 

206. Arsenolite. — White Arsenic. AS2O3,. H.= i.5; 
G.=3.i. Isometric. Occurs usually in minute capillary 
crystals of a white color and streak, and vitreous or silky 
lustre. 

Before the blowpipe it behaves like pure arsenic triox- 
ide (see pars. 11 and 15, and Table II., 2). 

Slightly soluble in hot water; more so in water acidu- 
lated with hydrochloric acid. 

Minerals containing arsenic : Arsenopyrite, Scorodite, Polybasite, 
Enargite, Domeykite, Whitneyite, Algodonite, Smaltite, Cobaltite, 
Niccolite, Pharmacosiderite, Arseniosiderite, etc. 

ORES OF BISMUTH. 

207. Native bismuth. Bi, with occasional traces of 
S, As, and Fe. H.== 2-2.5; G- = 9.7. Hexagonal. 
Color and streak silver-white tinged with red; lustre 
metallic ; brittle when cold, but when hot may be lam- 
inated. Occurs foliated, granular, and arborescent; oc- 
casionally crystallized. 

Before the blowpipe it behaves like pure bismuth (see 
pars. 17, 22). 

Readily dissolved by nitric acid; the bismuth is pre- 
cipitated by water. 

208. Bismuthinite. Bi^Sj. 81.25 Ri. H.=2; G.= 
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6.4-6.55. Trimetric. In acicular crystals or massive, 
of metallic lustre and lead-gray color, with a yellowish 
or iridescent tarnish. Streak lead-gray and shiny. 

In a matrass, fuses and yields a slight sublimate of sul- 
(jhur. Carefully heated in an open tube, it fuses and yields 
suljihur dioxide and a coating of bismuth sulphate; the 
laller may be fused, by application of the blowpipe flame, 
lo brown drops, which, when cold, appear yellow and 
opaque. On charcoal, fuses and boils, llirowing out 
small drops in a state of incandescence, and deposits a 
coating of bismuth trioxide. 

Soluble in nitric add with deposition of sulphur. Tbc 
solution gives a white precipitate with water. , 

209. Tetradymite. —Telluric Bismuth. Bi and Tein ■ 
variable proportions, with sometimes S and Se. 53- ' 
61 Bi, 34.48 I'e. H.= i.-25; 0.^^7.2-7.9. Henng- 
onal. Of pale steel-gray color, and high metallic lus- 
tre. Occurs usually in tabular crystals or foliated masses; 
the lamime are elastic. It soils paper. 

In an open glass tube it fuses readily, emitting awh''^ 
smoke which partly condenses, coating the tube uearth^ 
assay-piece with a white powder, intermixed with re^ 
spots; on directing the flame on this coating. itfusesW 
colorless drops (^tellurium dioxide), while the red sobli- 
mate (selenium) disappears. On charcoal, fu.ses instantly 
lo a metallic globule, which, when touched with the inner 
flame, imparts a bluish-green color to the outer one, some- 
limes gives out selenium vapors, and deposits close lo ihe 
assay-piece a dark orange coating surrounded at a greatef 
distance by a white coating. 

Soluble in nitric acid. 

210. Bismite.— Bismuth Ochre. B^O^, containing mi- 
uute quantities of Fe.Oj, CuO, and AsjO^. i^.(>S^\- 
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0.^4.36. Occurs usually pulverulent orearihy. Streak, 
straw-colored. Color greenish- yellow to grayish-whirc. 

Before ihe blowpipe it behaves like pure bismuth iri- 
oxide. Soluble in nitric acid. 

2U. Bismutite. 2Bi,C,0,„+9H,0. 89.7561.0,. H.= 
4-4.5; C — 6.9. Streak usually of a while or light- 
greenish color; lustre vitreous; in acicular crystalliza- 
tions. 

In a matrass decrepitates, yields a little water, and turns 
gray. On charcoal, fuses very readily and is reduced, with 
effervescence, to a metallic globule, covering the charcoal 
with a coating of bismuth trioxide. If the blast is kept 
up for some lime, the whole of the bismuth is volatilized, 
and there remains a scoriaceous mass which in the redu- 
cing flame may be fused to a globule, and which with 
fluxes gives the indications of copper and iron. With 
soda it usually gives the sulphur reaction (see par. lai). 

Dissolves in nitric acid with effervescence; also in hy- 
drochloric, giving a solution of yellow color. 

Minerals cuntaining bismuth : Maldonite. Joseile, Aikinite, Cbivia- 
tite, Gmpleciile, Wittichenite, Eulytite, Biamulurerrite, etc. 

ORES OF CHROMIUM. 

aiZ. Chromite.— Chromic Iron. FetrO., or (.Fe.Mg, 
Cr)(Al.Fe,€r,0.- 68 Cr,0,. H.=5.5 ; G. = 4.3-4.6. 
Isometric. Occurs usually massive; of iron-black or 
btownish-black color, with a shining and somewhat me- 
tallic lustre. Some varieties are magnetic. Streak brown. 

Heated in a matrass, remains unchanged. Infusible in 
the forceps. After having been exposed to the reducing 
flame is attracted by the magnet. In borax and salt of 
phosphorus, slowly but completely soluble to a transpa- 
rent glass, which is emerald-green after cooling. Mixed 
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with soda and nitre and hea-led on platinum-foil, the msK 
fuses and becomes yellow. With soda on charcoal in the 
reducing flame, it yields metallic iron. 

Concentrated acids affecl it but little, even when find/ 
pulverized; they dissolve only a little iron. Fused mlh 
acid potassium sulphate, potassium chromate is formed. 

Minerals cimtaining chiomium: Crocoile, Metanuchroile, Vaa(|Ut- 
liniie, Wolchoiukohe, etc. 



ORES OF COBALT. 

213. Linnffiite.— Cobalt Pyrites. tCo,Ni),S,. sSCo. 
H. = 5.5 ; G. = 4.8-5. Isometric, Of a more « l"s 
bright steel-gray color, and metallic lustre. Streak dirt- 
gray. On charcoal, yields sulphur dioxide and a mag- 
netic globule; often also arsenic fumes. Soluble in niinc 
acid, giving a rose-red solution. 

214. SmalUte— Smaltine. (.Co,Fe.Ni)As,. H.-S-S' 
6; G. =7.4-7.2. Isometric. Of tin-white or steel-gr')' 
color and metallic lustre. Streak grayish -black. 

In a raatrass, usually yields, when heated to redness, a 
sublimate of metallic arsenic. In an open glass tube, "" 
fords a copious sublimate of crystallized arsenic irio'^id*' 
and sometimes emits sulphur dioxide. On charcoal ^ 
fuses readily, with emission of copious arsenic fijWK, 
to a grayish-black magnetic globule, which, with t"*^ 
fluxes, gives the indications of iron, cobalt, and nick*'' 

With nitric acid it gives a pink solution, arsenic trio*' 
ide being deposited. 

215. Cobaltite, -Cobaltine, CoAsS. 35-5Co.4S.iAS- 
H.^5.5; G. = 6-5.3. Isometric. Of silver-white and 
sometimes reddish color, and metallic lustre. Streak 
gray. 

Unchanged in the matrass. In an open glass tube, 
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yields a sublimate of arsenic trioxide and vapors of sul- 
phur dioxide. On charcoa), emits copious arsenic and 
salphur fumes and fuses to a duil-Wauk metallic globule, 
which is attracted by the magnet, and which, when treated 
with fluxes, gives the indications of cobalt and iron, and 
sometimes also of nickel. 

Dissolves in hot nitric acid, arsenic trioxide and sul- 
phur being deposited. 

In an open glass tube sulphur dioxide is abundantly 
evolved, and sometimes a light sublimate of arsenic tri- 
oxide formed. On charcoal, small pieces of the mineral 
readily fuse to a globule, which, when cold, is covered 
with a black, rough crust, and which is attracted by the 
magnet. The pulverized mineral, after having been well 
calcined, dissolves in borax in the oxidiiting flame to a 
blue, transparent bead. In a highly saturated bead of this 
kind, when treated on charcoal with the reducing flame, 
particles of metallic nickel may be seen floating about. 

216. Asbolite.— Earthy Cobalt. It is a variety of Wad 
(^see par. 273), containing sometimes a considerable quan- 
tity of cobalt oxide (40 per cent.), in combination with 
silica or arsenic. 

With borax in the oxidizing flame, gives a dark-vit^et 
glass, which in the reducing flame becomes blue. The 
salt of phosphorus bead, when treated on charcoal with 
metallic tin. frequently exhibits the copper reaction. 
With soda on platinum-foi! it shows the presence of 
manganese. 

Soluble in hydrochloric acid with evolution of chlo- 
rine ; the solution is usually blue, and on addition of 
water becomes rose-red. 

Soluble in nitric acid, forming a rose-red solution, the 
sulphur separating out. 
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217. Erythrite. — Cobalt Bloom. Co,AsA+aaq. 
37-55Co/J„3843AsA- H— 1.5-2.5; G. =3.9. Mo- 
noclinic. Usually of crimson or peach-red color; when 
crystallized, of pearly lustre ; frequently dull and earthy, 
fortning incrustations. Streak, pale-red. 

Heated in a matrass, loses water, and the colorchanges 
lo blue or green. A small crystal exposed to the inner 
flame fuses and colors the outer flame pale-bhie. On 
charcoal in the reducing flame, emits arsenic fumes, and 
melts to a dark-gray globule of cobalt arsenide, which, 
with fluxes, gives the pure cobalt reactions. 

Dissolves readily in acids; the solution is rose-colored; 
in concentrated hydrochloric acid, appears blue while 
hot. The pulverized mineral is partly decomposed by 
caustic potash; the powder assumes a bluish-gray color 
and the solution is sapphire-blue. 

Minerals conUining coball : Carrollite, GUucodol, Chalhamitc, 
SkutteruditB, Allociosite, Biebcrile, Roselite, etc 



ORES OF COPPER. 

218. Native Copper.— Pure Copper. H. = a.5-3; G.=^ 
8.8. Isometric. Often twins. Of metallic lustre and 
copper-red color. Streak metallic, shining, ductile and 
malleable. Occurs usually massive or arborescent. 

It fuses on charcoal to a globule, which, if the heat is 
sufficiently high, assumes a bright bluish-green surface; 
on cooling it becomes covered with a crust of black 
oxide. With the fluxes it gives the usual indications of 
copper. 

It dissolves readily in nitric acid, giving a deep-blue 
color with ammonium hydrate. 

219. Cliakooite.— Vitreous Copper. Cu,S. 79.8CU. 
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H. = 3,5-3; G. = 5.5-5.8. Orthorhombic. Of a black- 
ish, lead-gray color, often with a bluish or greenish tint 
on its surface. Occurs usually in compacl masses, very 
often shining. Streak black; lustre shining. 

Heated in a malrass, nothing volatile is given out. In 
an open tube sulphur dioxide is evolved. On charcoal, 
readily fuses lo a globule, which boils and emits glowing 
drops, sulphur dioxide escaping abundantly; the outer 
flame is at the same time colored bine. With soda on 
charcoal it yields a globule of metallic copper. 

Heated with nitric acid, it dissolves, leaving a residue 
of sulphur. 

220. Clialeopyrite.— Copper Pyrite. Cu,FeS,. 34.6 
Cu,3o.sFe. H. = 3.5-4; 0.^4.1-4.3. Tetragonal. 
Of a brass-yellow color and metallic lustre ; on exposure ' 
to moist air it becomes iridescent on its surface. It oc- 
curs crystallized, but usually massive. Fracture con- 
choidal, uneven. It is easily scratched with a knife, 
giving a greenish-black powder. 

Heated in a matrass, decrepitates, and yields sometimes 
a faint sublimate of sulphur, assuming at the same time 
a darker color or becoming iridescent. Heated in an 
open glass tube, sulphur dioxide is given out abundantly. 
On charcoal when healed it blackens, but becomes red 
on cooling; with continued heat it fuses to a black glob- 
ule, which is altracled by the magnet ; this globule is 
brittle, and reddish-gray in the fracture. The pulverized 
mineral, after roasting, gives with the fluxes the reactions 
of iron and copper. With soda on charcoal it is re- 
duced; the metals are obtained in separate masses. 
Moistened with hydrochloric acid, it colors the flame 
green, even previous to fusion. 

It dissolves in nitric acid, but more readily in aqua 
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regia, leaving a residue of sulphur. Same reaction friA 
ammonium hydrate as with other ores of copper. 

221. Bomit*.— Purple Copper. l-'eCu^,. SSsSCu, 
i6.36Fe. H,^^3; G.^j.j. Isometric. When crys- 
talline it usually takes the cubical form, and is of a pale- 
yellowish color ; when massive, its color is copper-red to 
redd ish- brown ; it speedily tarnishes, assuming various 

lues, mostly purple, blue, and red. When scratched 
ifith a knife it gives a grayish powder, Streak black. 
Before the blowpipe it shows pretty much the same 
behavior as chalcopyrite. 

Concenlrated nitric acid dissolves It, leaving the greater 
part of the sulphur behind. 

222. Domeykite. — Arsenical Copper. Cu^As. 71.7 
Cu,28.3Aa. H.^3-3.5; G. ^7-7.5. Reniform, luass- 

, or disseminated; lustre metallic; color tin-white to 
steel-gray j streak blackish ; fracture brillle. 

Heated in a matrass, yields a little water and a subli- 
mate of arsenic trioxide ; the assay-piece assumes a silver- 
white color. In an open tube, affords a crystalline subli- 
nate of arsenic trioxide. On charcoal, fuses easily, with 
;mission of astrong alliaceous odor, to a reddish metallic 
nass, which gives the copper reactions. 

Readily soluble in nitric acid. Decomposed by 
hydrochloric acid, metallic arsenic remaining undis- 
solved. 

Algodonite. Cu^As. 83,5 00,16.5 As. H.^4; G.= 
7.6. Occurs massive; lustre metallic; ccHot steei-grar ; 
streak bronze ; fracture tough. Same reactions as domey- 
kite. Texture more granular and less malleable than whit- 
neyiie. 

223. WMtneyite. Cu,As. 88.4Cu.11.6As. 
3.5; G.^8.3. Massive; lustre metallic; colorb 
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streak bronze; fracture hackly. Snme reactions as do. 
meykite ami algodonite. Malleable. 

224. Enai:gite. Cu^sS.. 48.4011,19.1 As. Oriho- ■ 
rhombic. H.=3; G. =4-4.3, Color grayish to iron- 
black ; streak grayish-black, powder having a metallic 
lustre; brittle; easily cleavable ; fracture uneven. Fuses 
on charcoal and gives a faint coating of arsenic, antimony, 
and generally zinc oxides. 

Soluble in aqua regia. 

225. Tetraliedrite.— Gray Copixr. 4Cu,S-f Sb^S^. or 
Willi a portion of the copper replaced by Fe,Zn,Ag,Hg, 
and the antimony by As or Hi. 11.^3-4,5; '^■ = 4-S-S- ' 
Isometric ; letrahertral ; color and streak between steel- 
gray and iron-black; lustre metallic. 

Heated in a matrass, fuses, and finally yields a dark-red I 
sublimate of antimony tnsulphide with antimony trioxide. 1 
In an open glass tube, fiises and gives thick fumes of anti- 
mony (and arsenic trioxide) and sulphur dioxide. Mer- 
cury, when present, condenses in the upper part of the 
tube, forming a metallic mirror. On charcoal it fuses 
readily to a globule, emitting thick while fumes and sul- 
phur dioxide ; coatings of antimony trioxide and of zinc 
oxide are deposited ; the latter is nearer to the assaj-- 
piece, and may be tested with cobalt solution (see par. 
54). To detect arsenic, see par, 71 ; to detect mercury, 
add to the finely-pulverized a.'isay three times its weight 
of dry soda and treat the mixture as directed in par. 105. 
The pulverized mineral, after having been well roasti 
gives with the fiiixes the indications of iron and coppt 
with soda, affords metallic copper and a little iron. To I 
■detect silver, treat the mineral with pure lead and borax, 

B directed in par. iig. 

!■ When pulverized it is decomposed by nitric acid ; the 
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sotiition has a brownish-green color; anliraony trioxlde 
(and arsenic trioxide) and sulphur remain undissolved, 
Causlic i}ota:>h elTecCs a panial decomposition ; the anti- 
mony Irisulphide (and arsenic) enters into solution, and 
is, on addition of an acid, re precipitated. 

226. Atacamite. CuCl, -|- 3 H,CtiO,. S9.45C11. H. 

=3-3.5; G.:=3.7. Trimetric. Occurs crystalline or 
massive-lamellar ; color and streak various shades of 
bright-green, sometimes blackish-green; streak apple- 
green ; translucent, subtransiucent ; lustre vitreous. 

Healed in a matrass, gives out water and forms a gray 
iubiimate, which, on cooling, becomes grayish-white J the 
ivater shows acid reaction. On charcoal, fuses readily, col- 
ors the outer flame azure-blue, and is finally reduced to a 
globule of melailic coyper. Two coatings are deposited 
the charcoal, the one grayish-white and the other 
brownish, which, being played upon with the reducing 
flame, change their place with an azure-blue tinge, 

Easily soluble in acids. 

227. Cuprite.-Red Copper. Cu,0. 88.SCu. H.= 
3.5-4; G. = 5.8-6. Isometric; cleavage; octahedralj 

o massive-granular, and sometimes earthy. Usl 

a very intense, deep-red color ; occasionally crimso* 

often exceedingly friable. Streak red to brownish. 

Healed in the forceps, fuses and colors the outer ft. 
emerald-green ; moistened with hydrochloric acid an*! 
treated in the same manner, the color is azure-blue. Ob 
charcoal it blackens, then fiises quietly, and finally yjA 
a globule of meiallic copper, which, on cooling, i 
covered with a coating of black oxide. 

Dissolves in concentrated nitric acid. 

228. Melaeonite.— Tenoriie. CnO. 79-85 Cu. Karthy, 
massive, pulverulent (me/aconite); crystals orlhorhombic 
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(tenorite); also in shining, flexible scales. H.;^3; G, 
^^6.25. Lustre metallic; color iron-gray when Id scales; 
dull and earthy, with a grayish-black color, and soils the 
fingers when massive or pulverulent. 

Infusible ; otherwise reactions like cuprite. Soluble in 
nitric and hydrochloric acids. 

229. ClialcaiitMte.— Blue Vitriol, CuSO. -|- saq. H. 
^=2.5; G. — 2.21. Triclinic; lustre vitreous ; color va- 
rious shades of blue; taste metallic and nauseous; sub- 
transparent, subtranslucent. 

Heated in a matrass, swells up, gives out water, and 
becomes white. On charcoal, colors the outer flame green, 
tiises, and affords a button of metallic copi>er, crusted with 
3 coat of sulphide. After calcination, gives, with fluxes, 
the reactions of copper ; sometimes also those of iron. 

Soluble in water. A polished plate of iron introduced 
into the solution becomes coated with copper. 

230. Olivenite.— Cu,AsA + H.CuO,. 4S.2Cu. H. 

=^3; G. ^4.1-4.4. Trimetric. Crystallized, or in glob- 
ular and reniform masses of indistinctly fibrous structure. 
Color and streak usually oUve-green to brown ; lustre vit- 
reous, adamantine. 

In a matrass, yields a little water. In the forceps, fuses 
to a globule and colors the outer flame bluish-green ; the 
fused mass crystallizes on cooling. On charcoal, fuses, 
with deflagration and emission of arsenical vapors, to a 
metallic globule; the globule is white and somewhat 
brittle, and covered with a brown scoria. Fused with 
metallic lead, a globule of copper is obtained, and a mass 
of lead phosphate, which crystallizes on cooling. 

Dissolves in nitric acid, also in ammonium hydrate. 

231. Tyrolite.— Cu,As,0,„ -f- gaq, with CaCOj. 3sCu. 
H, = 1-2; G.:=3, Trimetric. Usually reniform, mass- 
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itfc : structure radiate foliaceous. Color pale-gwen 
Very sectile. Lustre vitreous. 

Heaiud in a matrass, decrepitates, yields much walet. 
and blackens. On charcoal, (uses with emiss 
senic vapors to a gray scoriaceous mass, in which m 
nute globules of metallic capper occasionally appear. 
When the mineral is fused on charcoal, with addition of 
soda and borax, until the copper oxide is completely re- 
duced and the slag dissolved in hydrochloric acid, a 
solution is obtained in which the presence of lime may 
be shown by the proper reagents. 

Dissolves in nitric acid with effervescence, also in am- 
iionium hydrate, with a residue of calcium carbonate. 

232. Malachite. CuCOj+H^CuO^ 57-4Cu. H,= 
3.5-4; G— 3.7-4. Monoclinic. Occurs usually in iht 
shajie of mammillated concretions; the interior is very 
compact, and lustre shining ; in the fracture sometimes 
earthy, sometimes silky; of a bright-green color, and 
streak a somewhat paler green. 

Heated in a matrass, gives out water and turns black- 
On charcoal, fuses lo a globule, and affords metallic cop- 
per when the heat is sufficiently high ; heated in the for- 
ce|>s, the outer flame is colored green, With fluxes and 
soda it behaves like copper oxide (see Table It., S). 

It dis.solves in acids with effervescence, and is thus dis- 
tinguished from other ores of green color; also soluble 
n ammonium hydrate. 

233. Aznrite.— Blue Malachite. 2 CuCO, + H.CuO, 
55. 3 Cu. H. ~ 3.5-4.2 ; G. = 3.5-3.8. Monocliiuc 
Occurs usually crystallized, or in globular masses of 
columnar structure. It is easily distinguished by its 
hne blue color and streak ; its earthy, vitreous, and 
often nearly adamantine, lustre. 
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Before the blowpipe and with solvents it behaves like 

234. ClirysocoUa.— CuSiO.+ aaq. 45-3t''uO. H.= 
2-4; G.^2. Occurs usually as an incrustation. It 
very much resembles malachite; its color is bluish-green, 
and it is remarkable for its great compactness; its surface 
is wery smooth, giving it the appearance of an enamel or 
a well-fused slag. Lustre vitreous. Streak, when pure, 
white. 

In a matrass, yields water and blackens. In the for- 
ceps infusible, coloring the outer flaroe intensely green. 
On charcoal in the oxidizing flame, blackens; in the re- 
ducing flame turns red. Salt of phosphorus and borax 
dissolve it with the usual indications of copper ; the salt 
of phosphorus bead shows a cloud of undissolved silica. 
With soda on charcoal, affords globules of metallic 
copi>er. 

It is decomposed by acids, silica remaining undissolved 
without gelalinization. 



ORES OF GOLD, PLATINUM, AND IRIDIUM. 

235. Native Gold.— Combination of An and Ag in 
variable proportions, sometimes with iraces of Fe and 
C11. H. = 3.5-3; CI. = 15.6-19.5. Isometric. The octa- 
hedron and dodecahedron the most common foFms. 
Easily distinguished by its malleability, its cutting like 
lead, its high specific gravity, and its resistance to acids. 
Color and streak various shades of gold-yellow, and 
sometimes almost sili'er-white. It usually occurs in vari- 
ously contorted and branched filamenta, in scales, in 
plates, or in small, irregular masses. 

On charcoal, fuses to a globule which, after cooling, 
has a bright metallic surface. With salt of phosphorus 
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in the oxirlizing flame, a bead is ibrmed which <^izes 
on rooiing, or ljer:omes opaque and jellow, according to 
th<: amount of silver which it cootaios. 

Resists the action of heated concentrated nitric acid; 
s^ilublc only in aqua regia. 

236. Sylvanite.— Graphic Tellurium. AgAuTe,. H. 

1.5 a; O.--S-8.3. Monoclinic. Of metallic Instrc 
and steel-gray color. Very sectile. Streak and color 
pure steel-gray to silver-white; sometimes yellow. 

In an ofHrn glass tube yields a white sublimate which, 
when played upon with the flame, fuses to transparent 
dro|»s. On charcoal, fuses to a dark-gray globule, de- 
positing at the same time a white coating which, when 
tout hed with the reducing flame, disappears, tinging the 
(lame bluish-green (see pars. 37, 60). It finally affords 
a light -yellow, malleable globule of metallic lustre. 

Solnhlt! in aqua regia, leaving a residue of silvet 
< hlori<le. The solution gives a white precipitate wit»^ 

w;ilci . 

MiiuM.iI-. ( (nilaiiiinj; j^old : Electrum, Maldonite, Nagyagite, Kre^ 
tin lie, I'ri/ilc, clc. 

%\1, Nativo Platinum. Pt, usually combined with ^ 
lillh' I'c, If, ()s, IM, Rh, and sometimes Cu and Pb^ 
H. 4 4.5; (J. 16-19. Isometric. Usually occurs in 
f'.i.nns ol silver-whitish or gray color; malleable and 
diK (ilr. 

Inriisihle Ix'fore the ])lowpipe and not acted upon by 
(luxes. Soluble only in heated aqua regia. The solution 
gives a yellow graiuilar precipitate with potassium chlo- 
ride. 

238. Iridosmlne.-— Osmiridium. Var. I. Newjanskite. 
IrOs. (1. 18.8-18.5. Var. 2. Sisserskite. IrOs^, or 
lr()s„. (i. — 20-91.2. Hexagonal. Occurs usually in 



r 



CHARACTERISrrCS OF ORES, 



irregular flattened grains, of metallic lustre and tin-white 
color; but little malleable. 

Newjanskite is infusible before the blowpipe; when 
fused with nitre in a matrass the characteristic osmium 
odor is produced. The fused mass is soluble in water; 
the solution gives, on addition of nitric acid, a green 
precipitate. The si^serskite, when strongly healed, gives 
off the osmium without the addition of nitre, but under- 
goes no further change. 

ORES OP IRON. 

239. Native Iron. — Fe. Usually massive, with octa- 
hedral cleavage. Color and streak iron-gray. Malleable 
and ductile. H.=4.5; 0.-7.3-7,8. Attracted by the 
magnet. Occurs in grains disseminated through dolerite, 
basalt, and other igneous rocks; sometimes in masses. 
It is a constituent of nearly all meteorites, with variable 
quantities of Ni (from 1 10 20 per cent.), and traces of 
Co, Mg, Mn, Sn, Cu, Cr, Si, C, CI, S, and P. H.= 
4-5; G.=.7.3-7.8. 

Infusible. On charcoal, with borax or salt of phos- 
phorus, gives only the reactions of iron. To detect the 
presence of the other heavy metals, the assay-piece must 
be dissolved in aqua regia, the liquid mixed with am- 
monium hydrate in excess, filtered, and the ammoniacal 
filtrates precipitated with aitimonium sulphide. The pre- 
cipitate consists of the'sulphides of nickel, cobalt, man- 
ganese, and copper, which may be collected on a filter 
and treated with borax on charcoal as described par. 99. 

240. Pyrite.— Iron Pyrites. FeS,. 46.7Fe. H.=5- 
6.5 ; G. =4.8-5. Isometric. Occurs commonly in cubes. 
Usually of a brass- yellow color and metallic lustre; some- 
times colored or brown by metamorphosis. By its supe- 
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rior hanluess, not yielding to the knife and emilling 
sparks when struck with steel, it may be clistinguishoj 
from copper pyrites. Streak greenish to brownish-blact 
Heated in a glass tube closed at one end, usually oniK 
some sulphuretted hydrygen, and yields a sublimate of 
sulphur; the residue is attracted by the magnet, Heated 
on i-harcoa! with the oxidizing flame, the sulphur burns 
off with a blue flame and leaves red oxide behind, wiiidi, 
when treated with the fluxes, gives pure iron reactions. 
But slightly affected by hydrochloric acid; nitric aciJ 
dissolves it, leaving a residue of salphur. 

241. Marcasite— While Iron Pyrites. Fe^ H.=6- 
6,5; 0.-4,6-4.8. Triraelric. Crystals are prismatic, 
often twins. Color usually light bronze-yellow, some- 
times inclined to green or gray; occurs frequently in 
radiated masses or crest-like aggregations; streak green- 
ish'gray. Very liable to decomposition. 

Before the blowpipe it behaves like the preceding, 

242. Pyrrhotite.— Magnetic Pyrites. Fe^Sa- 60.5 Fe. 
H. = 3.5-4.5; G.=4.4-4,7, Hexagonal. Very much 
resembles common iron pyrites, from which it is distin- 
guished by its inferior hardness, more reddish color, 
quickly tarnishing, ami by being slightly attxacied by 
the magnet. Streak dark grayish-black. 

Heated in a matrass, remains unchanged ; in the open 
glass tube, emits sulphur dioxide, but yields no sublimate. 
On charcoal in reducing flame, fuses to a globule, which 
is covered with an uneven black coating, which follows 
the magnet, and which, on a surface of fracture, exhibits 
a yellowish crystalline structure and melallic lustre. In 
the oxidizing flame it is converted into red oxide. 

Soluble in hydrochloric acid, excepting the sulphur, 
with evolution of sulphuretted hydrogetf. 
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343. Arsenopyrite.— Mispickel. FeS, + AsS,. 34.4Fe. 
68 As. H.= 5.5-6; G. = 5-6.4. J'rimetric. Of me- 
lallic iQstre and a siiver-white to si eel -gray color. Streak 
tJark grayish-black. Britlle. 

Heated in a matrass, yields first a red sublimate of 
arsenic sulphide, and afterward a black crystalline one 
of metallic arsenic; in an open glass tube yields arsenic 
trioxide and sulphur dioxide. On charcoal, emits copi- 
ous arsenic fumes, and a coating of arsenic trioxide is 
deposited; then fuses to a globule which shows the prop- 
erties of fused pyrrhotite. FreL[iienl!y contains cobalt, the 
presence of which may be detected by the method de- 
scribed in par. 99. May be distinguished by its ortho- 
rhombic form from smaltitc. 

Soluble in nitric acid and aqua regia, leaving a residue 
of sulphur and arsenic trioxide; the latter dissolves with 
continued digestion. 

244. Hematite.— Specular Iron. *=eO,. 70 Fe. H.=; 
5.5-6.5; G.=r4.5-5.3, Hexagonal. Of a dark steel- 
gray or iron-black color, and OiU.illy of metallic lustre ; 
its powder and streak are red, Fracture subconchoidal, 
uneven. 

Alone infiisible; becomes magnetic after roasting, and 
gives the usual indications -of iron with the fluxes; its 
powder dissolves readily heated with hydrochloric acid. 
Sometimes contains chromium and titanium, which may 
be delected by the processes given in pars. 85 and 

"5- 

245. Menaccaalte.— Titaniferous Iron. (TiFe),0, or 
Ti,0,, and Fe,0, in various proportions. H.^5-6 ; 
G.=5.5-6. Hexagonal. Of iron-black color, usually 
in tabular crystals; slightly attracted by the magnet. 
It resembles magnetite. 
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Alone in ihe oxidizing flame, iofit&ible; id reduHnjp 
flame it may be rounded at the edges. With borax and 

salt of |)hosphorus in oxidizing flame gives the reaeiions 
of pure iron oxide; but the salt of phosphonis besil, 
when treated with the reducing flame, assumes a brown- 
ish-red color, the intensity of which depends upon the 
amount of titanium oxide present ; this glass, when Irtaied 
with tin on charcoal, turns violet (v. Table II., par. 31I. 
To show conclusively the presence of Ti, follow the 
method given in i)ar. 125. 

Dissolved by hydrochloric acid and aqua regis, with 
separation of titanium oxide; some varieties dissol« 
with great difficulty, even when reduced to a very finf 
]iuiv(!er. 

246. Magnetite.— Magnetic Iron Ore. FcjO^. 7»4fe- 
H. = 5.5-6.5; G.=4.9-5,2, Isometric. Its color is 
iron-black, with a shining metallic or glimmering lustre: 
its powder and streak are black ; it is strongly atiraclcd 
by the magnet. 

It fuses with difficulty, and gives the usual reaclioDsof 
iron with the fluxes; the pulverized minera] dissolves 
completely in hydrochloric acid. 

247. Franklimte. (Fe,Zn,Mn), Fe,MnO,, usually with 
a little SiO^M.O,. H.^5.S-6.5; G.=5, Isometric; 
habit octahedral ; occurs crystallized, massive, granul« 
to compact; lustre metallic; color iron-black; stresi' 
dark reddish-brown; fracture conchoidal, brittle; icls 
slightly on the magnet. 

Infusible. Dissolves in borax and salt of phosphor* 
with manganese reaction. The borax bead, when treat™ 
on charcoal in the reducing flame, becomes bottle-grten i 
with soda on platinum-foil, gives manganese reaetiiiH' 
with soda on charcoal, gives a (aini coating of V-^"^ 
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''Oxide, which becomes more distinct on addition of a 
mixture of borax and soda. 

Dissolves completely in healed hydrochloric acid to a 
green ish-yel low liquid, a small amount of chlorine being 
evolved. 

The zinc is easily obtained by neutralizing the acid 
solution of ihe mineral, acidifying with acetic acid, and 
adding sulphuretted hydrogen. {.Leeds. 1 

It resembles magnetite, but gives the zinc coaling on 
charcoal, and is not as strongly attracted by the mag- 

248. Limonite. — Brown Hematite. HcFe.O,. Sg.QPe. 
H. — 5-5.5; G. = 3.6-4. Of tt dull brownish-yellow color 
to black, earthy or semi -metallic in appearance, and often 
in mammillary or stalaclitic forms. Streak yellowish- 

In a matrass yields water, and red sesquioxide re- 
mains; in platinum forceps, fusible on the edges; gives 
with borax and salt of phosphorus an iron reaction ; the 
clayey varieties, treated with salt of phosphorus, give a 
cloud of undissolved silica; treated with soda and nitre 
on platinum -foil, the manganese reaction is almost always 
obtained. 

249. QotMte. H,FeO.. 89,9Fe,0^,io.i H,0. Ortho- 
rhombic. In siriated prisms, scales, and tabular ; also 
fibrous, foliated, massive, stalactitic, and reniform. H. 

= 5-5.5; G.=4-4.4. Lustre imperfect adamantine; 
color yellowish, reddish, and blackish-brown; streak 
brownish to ochre-yellow. 

In the closed tube gives off water, and is changed 
into red sesqttioxide. Behaves like hematite, with fluxes. 
Soluble in hydroirhlnricarid. 

250. Tnrgite. H,Fe,0,. 94.7Fe,03,s.3H,0. H. = 5- 
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6; G.;= 3.56-4. 14. Lustre sub-metallic, also dull earthy; 
color redflish-blatk to dark-red ; bright-red when earlliy; 
botryoidal surface; often lustrous, like limonite. ' 

Heated in a closed tube, flies to pieces with violence, 
and yields water. Otherwise like hematite. 

Its suferior hardness, color of its streak, and decrep- 
itation before the blowpipe distinguish it from hemaiiie 
and limonite. 

25i Melaoterite. — Copperas. FeSO^ + 7 aq. 35.9 
FeO. H. = 2; G.^i.8. Monoclinic. Occurs usually 
massive and pulverulent, of various shades of green, be- 
coming yellowish on exposure to air; taste astringent and 
metallic. 

In a matrass gives out sulphur dioxide and water, which 
shows acid reaction. Strongly heated, only sesquioxideof 
iron remains. Soluble in water. 

252. Vivianite. — Blue Iron Earth. FejP,0,+ 8»l' 
H.= 1.5-2; G.— 2.6. Monoclinic. Occurs crystalliad. 
or in reniform and globular masses, fibrous, and radiated; 
sometimes as incrustation ; color white, to blue or green) 
usually dirty blue ; vitreous tUstre and bluish-while streak, 
which often changes quickly to indigo-blue. 

In a matrass swells and gives off water. In the for- 
ceps, fuses to a steel-gray metallic globule, coloring the 
outer flame bluish-green. With fluxes gives the reactions 
of iron. 

Easily soluble in hydrochloric acid and nitric acid. 
With a solution of caustic potash, it blackens. 

Beraiinite is of similar character, occurring in small 
foliated, columnar masses. H.= a; G, = 2.8. Color 
hyacinlh-red to reddish-brown; streak dirty-yellow. 

253. Seorodite, FeAs,0,4- 4aq. 24.22 Fe, 32.52.^5. 
H. = 3,5-4; G. ^3. 1-3, 3. Trimetric; crystallized; color 
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pale leek-green or liver-browu ) lualre vitreous; streak 
white. 

In a matrass yields pure water, aud turns yeilow. In 
the forceps, fuses to a gray smriaceous slag of melallic 
lustre, coloring ihe outer flame pale-blue. On charcoal, 
emits arsenic vapors, and fuses lo a gray Tnagnetic slag 
of metallie lustre, which gives with fluxes the reactions 
of iron. 

Not affected by nitric acid ; forms a brown solution 
with hydrochloric acid; partially dissolved by ammo- 
nium hydrate, leaving a brown residue. 

254 Siderite.— Spathiclrou. FeC03. 48.22Fe. H. 
— 3-5-4-5 i G. =3.7-3.9. Hexagoual ; color from gray- 
ish-yeilow to reddish-brown ; crystallizes in rhombohe- 
drons, which are often curved, and are very distinctly 
cleavabie; often massive j lustre vitreous; and streak 
light-brown. 

Heated in a matrass, frequently decrepitates, carbon 
dioxide and carbon monoxide are given out, and a black 
iron oxide remains, which is attracted by the magnet. 
Alone infusible. With borax and salt of phosphorus it 
gives the pure iron reactions, and with soda sometimes 
those of manganese. Healed with strong acid, it dissolves 
readily, with brisk effervescence, but slowly in the cold. 

Minerals cinuining iion ; Chrumite, Wolframite, Columhite, Tan- 
taJile, Diifrenilc, Caconeniie, Triphylile, LOlingile, Leucopyrite, etc. 

OKES OF LEAD. 
255. GaJenite. PbS. 86.6Pb. H.= 2.5-2.75 ; G.= 
7.25-7.7. Isometric ; color and streak lead-gray ; of me- 
lallic lustre. Crystals usually cubical, with very perfect 
cubic cleavage. Octahedrons and twins not uncommon. 
It is generally argentiferous. 
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Heated in a mairass, sometimes decrepitates, an'^"*' 
quenily yields a slight white sublimate. Heated ''' . 
open glass tube, emits sulphur dioxide, and, ibe 
being raised, gives a white sublimate of lead suip'''^' 
Heated on charcoal, aifords a globule of pure lead* 
charcoal liecoming at the same time covered with ' 
sulphate and lead oxide. The globule of metallic % 
yields generally a little silver on cu|>ellation. The p- 
ence of antimony is ascertained as shown in par. 64; zi--^ 
par. 129 ; iron, par. 99, b. 

It dissolves with some difficulty in dilute boiling hyd^ 
chloric acid, with evolution of sulphuretted hydroj 
Very dilute nitric acid has no effect on it, but by 
stronger acid it is readily dissolved, with evolution < 
nitrogen tetroxide. By fuming nitric acid and aqua r^^ 
gia it is very violently acted upon, being converted int- ^V_ 
sulphate or a mixture of the sulphate with the chlo^^_] 
ride. 

256. Bonmonite. aPbS + Cu,S. 42.4Pb,a5Sb,ij 
H.=:=2.5-3; G.-— 5.7-5.9. Trimetric. Occurs 
lized, and massive, granular, compact; lustre metallic; 
color and streak steel-gray. 

In a matrass, decrepitates, and yields with a strong 
leat a dark-red sublimate. In an open tube, sulphur di- 
oxide is evolved, and abundant antimony fumes, which 
condense partly on the upper and partly on the lower 
of the tube ; the upper of antimony trioxide, whidir' 

[ is volatile ; the lower is not volatile, and consists of, 
mixture of antimony lelroxide, Sb,0., with lead 

On charcoal, fuses readily to a black globule 
and deposits a coating of antimony trioxide ; with strong 
heat a coating of lead oxide is obtained ; the remain. 

I globule, when treated with borax in the oxidizing flamei 
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gives the reactions of copper, and the globule assumes 
the appearance of metallic copper. 

Dissolves readily in nitric acid to a bhie liquid, leav- 
ing a residue of antimony trioxide and sulphur. Aqua 
regia leaves a residue of sulphur, lead chloride, and 
lead antimonite; the solution gives a precipitate with 

The following ores behave before the blowpipe in a 
very similar manner: 

Geocronite. Pb^S -f Sb^j. i5.9Sb,67,4Pb. Some- 
limes with a little arsenic. Color lead-gray ; granular. 

Dnfrenoysite. iPbS + aAs^,. 57.18 Pb.ao.yj As. 
Color blackish, lead-gray; streak reddish -brown. 
Opaque ; brittle. Trimetric. 

Boulangerite. 3PbS + Sb.S,. s8.7Pb,z3.iSb. Color 
bluish lead-gray, often spotted with red. Crystalline and 
granular. Orlhorhombic. 

Jamesonite. 2 PbS -f- Sb,S,. 32.2Sb,43.7Pb. Also 
conlaining Fe, Oxidized by nitric acid to a while pow- 
der, imparting no color to the solution. Trimetric. 

Plagionlto. 4PbS -f- 3Sb,S3. Monoclinic. 

Ziakffllite. PbS + Sb^S^ Trimetric. 

Heneghenite, 4PI1S -f- Sb,S,. Monoclinic. 

Those minerals in which a part of the Sb.^S, is substi- 
tuted by As.Sj give on charcoal arsenical vapors, and in 
an open tube a cryntailinc sublimate. 

257. Minium. Pb,O.Ph = 90.66. H.^2-3; G.^4-6. 
Pulverulent, Color vivid red mixed with yellow. 

Before the blowpipe, behaves like lead oxide. 

With hydrochloric acid, evolves chlorine and is con- 
verted into lead chloride. With nitric acid becomes 
brown. 
S8 



326 DETERMIXATIVF MrNRRALOGY. 

258. Massicot— Plumbic Oclire. ?bO, often wilhPb 
COj,CaO.Fe,0,, and SiO,. 5i.83Pb. H, = a; G.=B. 
Trimctric; also isometric. Massive. Lustre dullj color 
between sulphur- and orpiment-yellow. Streak light- 
yellow. 

Before the blowpipe, behaves like lead oxide. 

259. Angleaite.— Lead Vitriol. PbSO,. 68.3 Pb. H. 
= 2.75-3; G.= 6.2. Trinietric. It often occurs in 
small OLtiihcdral crystals with many facets, but more ftf- 
quently in lamellar masses; of high adamantine Iiisire; 
also massive and granular. Fracture conchoidal. Very 
brittle. 

Heated in a matrass, decrepitates and usually yields a 
little water. Treated on charcoal in the oxidizing flame, 
fuses to a clear bead, which, on cooling, turns milk-while; 
with soda on charcoal, affords a globule of metallic leaJ; 
the soda is absorbed by the charcoal, and shows, when 
placed on silver-foil, a strong sulphur reaction. With 
the fluxes, gives the reactions of lead oxide. Traces of 
iron or manganese may be detected by borax or soda, as 
shown in pars, 99, d, and 104. 

It dissolves in acids only with great difficulty and with- 
out effervescence ; by hydrochloric acid it is partly de- 
composed ; the pulverized mineral is soluble in a solution 
of caustic polnsh. 

260. Croeoite.— Red Lead Ore, PbCrO,. 63.1 Pb, 
H.^=2,5-3; (75,9-6.1. Monoclinic. Occurs nsually 
in bright hyacinth-red crystals of adamantine lustre. 
Streak orange. Translucent. Sectile. 

In a matra.ss, decrepitates; the crystals are broken up 
into minute pieces and assume a darker color. On char- 
coal fuses and becomes reduced with detonation ; a coat- 
ing of lead oxide is formed, and grayish-green chro* 
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mium sesquioxide remains with the raetaUic globule. 
With soda on charcoal, affords a globule of metallic lead. 
With soda on platinum-foil, fuses to a dark-yellow mass, 
which becomes green in the reducing flame. With borax 
or sodium phosphate in the oxidizing flame, dissolved; 
Ihe bead appears yellow while hot, but becomes green on 
cooling. Fused in a platinum spoon with from three to 
four pans of acid potassium sulphate, gives a dark-violet 
mass, which is greenish -white when cold. 

261. Vauquelinlte. Pb,CuCr,0,. 56.4Pb,8.6Cu. H. 
= 2.5-3; t'=5-S-5-7- Monoclinic. Occurs usually in 
minute crystals, or in reniform or globular masses. Color 
dark-green to brown, sometimes nearly black. Lustre 
adamantine to resinous; streak greenish to brownish. 

On charcoal, fuses with effervescence to a gray, sub- 
metallic globule; where the mass is in contact with the 
coal, small globules of lead make their appearance; in 
the reducing flame, a coating of lead oxide is formed. 
With borax or sodium phosphate in the oxidizing flame, 
clear green beads are obtained, which remain green on 
cooling, but which, on application of the reducing flame, 
become red and opaque; this reaction appears most dis- 
tinctly on charcoal with tin. With soda on platinum 
wire in the oxidizing flame, dissolves to a transparent 
green bead, which on cooling becomes yellow and 
opaque ; on treating the bead with a few drops of water, 
a yellow solution is obtained, in which the presence of 
chromic acid may be proved, as described in par. 68. 
With soda on charcoal, is completely decomposed; 00 
treating the reduced metals with boric acid on charcoal 
(see par. 88), a globule of metallic co]jper is obtained. 

Partly soluble in nitric acid to a dark-green liquid; 
the residue is yellow. 
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262. Wulfenite.— Yellow Lead Ore. PIjMoO,, some- 
limes Willi a little Cr. 57.Pb. H- — 2.75-3; G.^B.g. 
DiniL'tric. Crystallized or granularly massive, firmlyco- 
hereni. Color usually wax-color, passing inlo orange- 
yellow, Streak while. 

In a matrass, detrepilates aud becomes darker while hoi- 
On charcoal, fuses and is partly absorbed by the coal, 
while metallic lead and a coaling of lead oxide are de- 
posited. With borax or sodium phosphate on platinum 
wire, gives the reactions of raolyhdic acid (see Tabic 11., 
iS"). With soda on charcoal, affords a globule of metal- 
lic iead. Fused with acid potassium sulphate in a jib- 
tinum spoon, a yellowish mass is obtained, which be- 
comes while on cooling; treated with distilled water 
and a piece of metallic zinc placed in the solution, the 
liquid assumes a blue color. Moistened with sulphuric 
acid, heated in the platinum spoon or on foil until dense 
fumes escape, allowed to cool, and then breathed upon, 
it changes to a deep-hhie color. 

Dissolves in concentrated hydrochloric acid to a green 
liquid, leaving a residue of lead chloride. The pulver- 
ized mineral is decomposed on being digested with nitric 
acid; a yellowish-white residue is left, which becomes 
blue when exposed to air in ihin layers. 

283. PyromorpMte. jPh/POj. + PbCI, Very fre- 
([iienliy the P is replaced hy As and the Ph by Ca. 76,1 
Ph. H.^3.5-4; C.. = 6.5-7. Hexagonal. It occurs 
often in globular masses with a columnar structure, also 
reniform, fibrous, an<l granular. Lustre adamantine. 
Streak slightly yellow. Color green, yellow, and brown 
of different shades; also white. 

Heated in a matrass, sometimes decrepitates and yields, 
with continued heat, a faint white and volatile subliro&te 
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of lead chloride. Heated in the platinum-pointed for- 
ceps, fuses readily and colors the outer flame bluish- 
green ; if the amount of phosphoric acid is not too 
small, the edges of the flame will appear green. With 
salt of phosphorus and copper oxide, gives tlie reaction 
for chlorine (par. 82). On chajcoal in the oxidizing 
Same, fuses to a globule, which, on cooling, assumes a 
I>oiyhedraI form and a dark color; in the reducing 
flame, yields a coating of lead oxide, and the glob- 
ule, on cooling, assumes dodecahedral facets of pearly 
lustre. With magnesium wire, gives the reaction for 
phosphoric acid (par. 1 10). With soda on charcoal, af- 
fords metallic lead. When a portion of the phosphorus 
is replaced by arsenic, it is readily detected by the odor 
when treated with soda on charcoal (par. 33J. Also a 
part of the lead is replaced by calcium, as in the brown 
varieties polysphaerite, miesite, and nussierite, while some 
of the PbCl is replaced by calcium fluoride, thus dimin-. 
ishing the amount of lead. 

Soluble in nitric ,icid and solution of caustic potash. 
264. PlTUnbthGummito, Contains AI,Oj,Pb,H.O.P,Oj. 
H.^4-5; G. ^4. 8-6. 4. In reniform or globular masses, 
with a columnar sinirtiire; also compact, massive. Of 
resinous lustre; color white, grayish-green, reddish-yel- 
low, but usually yellowish-brown ; resembling gum-arabic 
in appearance. Streak colorless. 

In a matrass, decrepitates and gives out water. In the 
forceps, inlumesces and colors the outer flame azure-blue. 
On charcoal, intumesces, becomes white and opaque, and 
fuses but imperfectly, depositing a faint while coating of 
lead chloride. In small quantities, soluble in borax and 
salt of phosphorus to clear beads. With soda on char- 
coal, minute globules of metallic lead are obtained. 
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'I'reaied witli cobalt solution, assumes a fine blue color. 
Soluble in nitric acid. The solution gives with am- 
monium molybdate a yellow precipitate. 

265. CerOBsito.— White Lead Ore. PbCo, 77.8Pb. 
H. = 3-3.5; G. = 6.4. Trimelric. Occurs granularlj 
massive, in prismatic needles, or in compressed plato. I 
Rarely fibrous. Color mostly white, yellow or gray. 
Streak colorless. ' 

When heated in a matrass decrepitates and turns yel- 
low; carbon dioxide is given out. Healed on charcoal 
alone, is reduced to a metallic bead. Treated with fluxes, 
dissolves with effervescence and gives the reactions of 
pure lead oxide (see Table II., 15); dissolves readily 
and wilh effervescence in dilute nitric acid ; with hydro- 
chloric acid, leaves a residue of lead chloride; dissolves 
in a solution of caustic potash. 

266. LeadMIlite. PbOSO, + 3 PbCO,. 75. Pb. H, 
= 2.5; G.^^ 6.2-6.5. Trimelric. Occurs in transpaienl 
crystals of pearly or resinous lustre. Color white, pass- 
ing into yellow, green, or gray. Streak white. 

On charcoal, intumesces slightly, becomes yellow, hut 
white again on cooling; with greater heat easily reducet) 
to metallic lead. 

Dissolves in nitric acid with effervescence, leaving a 
residue of lead sulphate. Lanarkite is closely related. 

267. Pho8g:enit8. PbCl, + PbCO,. 73.8Pb, H.= 
2.75-3; ('1.-6-6.3. Dimelrir. Forms crystals of ad- 
amantine lustre, of white, gray, or yellow color. Streak 
white. Transparent and transliueni. Somewhat sec- 
(lie. 

In a matrass, decrepitates slightly and becomes a little 
darker yellow. On charcoal, fuses readily, emits acid 
v."i])ors, becomes reduced to metallic lead, and gives • 
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white coating of lead chloride and a yellow coating of 
oxide. With salt of phosphorus and copper oxide gives 
the chlorine reaction. 

Dissolves in nitric acid with efTervescence. 

Minerals cnnlaining lead ; Clausllmlile, MendipUe, Caledonite, 
Mimelite, Vonadinite, Melanochroite, Sl<<lzili;, lAc. 

ORES OF MANGANESE. 

268. PyrolUBite.— Black Oxide of Manganese. MnO,. 
63.3Mn. H. = 2-2.5; G.=^4.8. Triraetric. Of black 
orsteel-gray color and liille lustre; powder black ; some- 
times of columnar slrnctiire. Streak Uack or bluish- 
black; sometimes siib-melallic. It is distinguished from 
psilomelane by its inferior hardness and being usually 
crystalline. 

In a matrasSj usually yields a little water ; when heated 
to redness, oxygen is evolved. Alone infusible, but turn- 
ing reddish-brown when the temperature is sufficiently 
high. Soluble in borax and salt of phosphorus with the 
usual manganese reactions; gives frequently the indica- 
tions of iron. 

Soluble in hydrochloric acid with disengagement of 
chlorine. 

269. Hansmannite. Mn,0.. 72.iMn. H.^s-j.s; 
G.^4.7. Dimetric. Crystallized or granular particles, 
strongly coherent. Color brownish-black; streak chest- 
nut-brown. 

Before the blowpipe and with hydrochloric acid be 
haves like the preceding ore. 1 

270. Braiinite. n^MnO.MnO,") -|-MnO„SiO,. H.= 
6-6-5; 0=4.7-4.8, Dimetric. Occurs crystallized or 

and streak brown ish-black. 
I matrass does not give any "water: behaves other- 
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wt*e like pyrolmite. Dissolves in hydiochtork acid, ■>il> 
(laengagcroent of cblorinc. IcanDg soraciimcs a residue 
of »ili(:a. Distinguished rrom the preceding ores of oud- 
gAitnc liy iis sii|jeri{>r hardness. 

271. Blangaaite. H,MnO.. 89.8MnO,,io.»HA H. 
=4; C>.- 4.3-4.4. Trimetric; colurooar; seldom gnn- 
ular : ofteD slalactilic ; lustre sub-metallic ; color dark 
Meet-gray to iroD-black ; slreak reddish-brown to neitlT 
black; opaque; fracture uneven. 

In the closed tube yields water; otherwise similarlo 
braunile. 

272. Pailomelane. Composition very doubtful ; essen- 
tially Mj.O,, with BaO, or K,0 and H,0. H.^5-6; C 
= 3.7-4,3. Massive, botryoidal, and stalactitic ; color 
iron-blatk to steel-gray; streak brownish-black, !.hining- 

In a matrass it usually _jvVM eomideraltle water. 
solvenis it btliaves like jiyrolusite. 

273. Wad.— I!«g Manganese. Essentially aMnO,-|- 
H,0; and also often contains FeO„ A10„ BaO, | ' 
etc. H. ^0.5-6; G. — 3-4.2. Araorphoi 
compact; of ;i dull-black color. 

Vari flies ; 

a. Bog Manganese, manganesian. 

/'. Asbdiitc, cobaltiferous. 

e. l~impaditc, cupriferous. 

lifforu tiie blowpifje — 

a. Kehaves like psiloniclane. 

^, Gives a blue bead with i>alt of phosphorus, a 
heated in the reducing flame on charcoal, with addition 
of Sn, sometimes gives a copper bead, red and opaquS' 

e. Gives similar reactions to the last, and s 
cties llie manganese reaction with soda, and { 
chlorine when treated with hydrochloric acid. 



' aMnO,-|- 
BaOjiM 

i, andjl^^ 
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274. Rhodoctirosite.— Dialogite. MnCO,; theMnoften 
replacctt in |j3rt by Ca, Mg, Fe, or Co. H. ^^3, 5-4.5; 
G.=:3.4-3.7, Hexagonal. Occurs crystallized or in 
globular masses of columnar structure; also massive; 
color shades of rose-red to brownish-red; streak white; 
lustre vitreous and inclined to pearly; translucent; sub- 
translucent. 

In a matrass, some varieties give a little water, and de- 
crepitate violently. Infusible. When heated in the redu- 
cing flame, does not become magnetic. Dissolves in 
fluxes with effervescence, and gives usually the reaction 
of manganese and iron. 

The pulverized mineral is little affected by hydrochlo- 
ric acid in the cold; on heating, dissolves with efferves- 



275. Rhodonite. MnSiO^, 54.1 MnO, 45.9810,. H. 

=^5-5~6'S; 'j''=3-4~3-7- Triclinic; usually massive; 
lustre vitreous; brownish-red, flesh-red, yellowish -red, or 
black on the surface from exposure ; streak uncolored. 

When heated becomes dark-brown, and gives to borax 
a deep violet while hot and reddish-brown when cold. 

Resembles red feldspar, but differs in specific gravity, 
blackening on exposure, and coloring the borax bead. 

Minerals conlaining manganese: Fraiikliiiite, Wulframile, AlBkui- 
(Ute. Hauerite,Chalcophanile, Lilhiopholite, Triphylile Triplile, Dick- 
huonile, Reddingile, Fairtieldite. Triploidiie, etc. 

ORES OF MERCURY. 

276. Native Mercury. Hg; sometimes containing a 
little Ag. G. = i3.5. Metallic globules of a tin-white 
color. 

Heated in a matrass, is converted into vapor, which 
condenses in the neck of the matrass to small metallic 
globules, 
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Dissolves readily in nitric acid. 

Amalgam. AgHg,64.g Hg, and also Ag^HSj. 73.5% 
H. — 3-3.5; 0.-13,5-14. Isotiielric. Occurs crysal- 
tized and massive. Color and streak silver-white^ opaque. 

In a matrass, boils, gives a sublimate of metallic mer- 
cury, and leaves a spongy residue of silver, which on 
charcoal fuses readily lo a globule. 

Dissolves readily in nitric acid. 

Arquerite. Ag„Hg, i3.4Hg. O. = io.8. Isometric. 
In regular octahedrons ; also in grains, small masses, and 
sometimes dendritic. In color, lustre, and ductility lit^c 
native silver, but softer. 

277. Cinnabar. HgS. H.= 2-2.5; G.=8.98. Hex- 
agonal ; color various shades of red, from cochineal-red 
to dark brownish-red ; jxiwder always bright red. It oc- 
curs in very small flattened crystals, or granularly masMve. 
Streak scarlet, subtransparent lo opaque. 

Heated in a matra.<«. is volatilized, and condenses ta a 
black sublimate, which by friction sometimes a^umes a 
red color. Mixed with soda, yields, on heating, globules 
of metallic mercury. En an open glass lube is partially 
decomposed into metallic mercury and sulphtir dioxide. 
On charcoal it is, when pure, wholly volatilized. 

Nitric acid and hydrochloric acid have no visible effect 
on it. Aqua regia dissolves it, part of the sulphur being 
precipitated. Insoluble in caustic potash. 

278. Calomel.— Horn Quicksilver, HgCI. 84.9Hg, 
H.=:i-a; G.^6.48. Dimetric. Occurs usually in dis- 
tinct crystals, or crystalline coals, of adamantine lustre and 
yellowish-gray color. Translucent ; streak pale yellowish- 
white. 

In a matrass, yields a white sublimate of mercurous 
chloride. Mixed with soda and heated in a ma[Taa^iil(> I 
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fords globules of metallic mercury. On charcoal, com- 
pletely volatilizes, giving a white coating. Shows the 
chlorine reaction when treated as described in par. Sa. 

Treated with boiling hydrochloric acid, is partly dis- 
solved, and becomes gray. Not affected by nitric acid; 
dissolved by aqua regia. With a solution of alkali, be- 
comes black. 

Minerals containing mercury; Melacinnabariw, Ticniannite, Uol- 
oradoite, Magnullte, etc. 

ORES OF NICKEL. 

279. MiUerite.— Capillary Pyrites. NiS, 64.4Ni. 
H.^3-3.5; G. = 4. 6-5. 6, Hexagonal. Occurs usually 
in delicate capillary crystals of brass-yellow to bronze- 
yellow color, often with gray iridescent tarnish, and me- 
tallic lustre. Streak bright. Brittle. 

In an o])en glass tube evolves sulphur dioxide. On 
charcoal, fuses with emission of sparks to a metallic 
globule which is attracted by the magnet. The calcined 
mineral gives with fluxes the indications of nickel oxide, 
and sometimes also those of cobalt oxide. 

By heated concentrated nitric acid it is but little af- 
fected, but its color is changed to gray. ISy aqua regia 
it is wholly dissolved. 

280. Niceolite. — Copper Nickel. NiAs, or Ni^Asj. 
43.6Ni,56.4.As. Sometimes part of the As is replaced 
by antimony. H.^=5-5.5; G. =^7.3-7. 5. Hexagonal. 
Usually massive ; of copper-red color, with a gray tar- 
nish and metallic lustre; very brittle. Streak dark- 

In a matrass affords a very slight sublimate of arsenic 
trioxide. In an open glass tube yields a copious sub- 
limate of arsenic trioxide, and usually a little sulphur 
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dioxide; the assay-piece assumes at the same Urae a yel- 
lowish-green color and criimbk'S 10 powder. On char- 
coal, emits arsenic fumes aod fuses to a white and brit- 
tle globule, which, when treated with borax io the oiidii- 
ing flame, imparts usually to the flux the colors of iron 
and cobalt. Sometimes a faint coating of lead oxide is 
deposited on the charcoal. 

Dissolves almost completely in concentrated nitric acid; 
ihe solution has a green color; on cooling, arsenic tn- 
oxide separates. Readily dissolved by aqua regia. 

281. Gersdorffite.— Nickel Glance. NiS,-fNi.Asr 3S-> 
Ni,45.5.\s, H. = 5.5; G.=5. 6-6.9. Isometric ; pyrito- 
hedral. Of silver-white or steel-gray color and metallic 
lustre. Streak grayish-black. 

In a malrass, decrepitates violently, and yields 1 W 
lowish-brown sublimate of arsenic sulphide. In an opsO 
glass tube, emits arsenic trioxide and sulphur dioxio*' 
On charcoal, fuses with emission of sulphur and s^*' 
nic fumes to a globule, which, when treated with W^ 
in the reducing flame, gives the reactions of iron 31)'' 
cobalt. After having removed these two metals, the r'-" 
maining globule exhibits with the liuxes the reactious'^' 
pure nickel oxide. 

Partly decomposed by nitric acid, giving a green sol"' 
tion, sulphur and arsenic trioxide being separated. 

282, UUmannite.— Nickeliferous Gray Antimony. N"' 
Sj -|- NiSb,. a7.7Ni. Arsenic is sometimes presenL H, 
^5-5.5; O. — 6.2-6.5. Isometric. It closely resembles 
the preceding ore in its physical properties. Streak dark 
steel -gray. 

In a matrass, yields a slight white sublimate. In an 
open glass tube, emits copious antimony fumes and sul- 
phur dioxide. On charcoal in the reducing flame, jiiSK 
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to a globule ami coats the charcoal with antimony iri- 
axide ; sometimes the odor of arsenic is observable. 
The melted globule, when treated with borax, rrequently 
exhibits the reactions of iron and cobalt besides those 
of nickel. 

It is violently acted upon by concentrated nitric acid, 
rorming a green solution, sulphur, antimony, and arsenic 
trioxides being precipitated. Aqua regia dissolves it, the 
sulphur separating out. 

283. Annabergite. Ni,AsP„+8aq. 39.2 Ni. Mono- 
clinic. Soft, earth). In capillary crystals, also massive 
and disseminated. Color fine apple-green. Streak some- 
what lighter. 

In a matrass, yields water and darkens in color. In 
the forceps, fuses easily and colors the outer flame light- 
blue. On charcoal in the reducing flame, fuses with 
emission of arsenic vapor lo a blackish-gray globule; 
when treated with borax the globule gives ibe reactions 
of nickel, sometimes also those of iron and cobalt, which 
it always contains. 

Soluble in acids, giving a green solution. 

284. Zaratitft— Emerald Nickel. Ni,C0, + 6aq. 59.3 
NiO. H. =3-3.2; r..= 2.5-2.7. Usually forms incrusta- 
tions of cmerald-green color and vitreous lustre. Streak 
pale-green. 

In a matrass, loses already at aiz" a considerable 
amount of water, and blackens. In borax and salt of 
phosphorus, dissolves with effervescence, exhibiting the 
characteristic nickel reactions. 

Dissolves easily in heated dilute hydrochloric acid 
with effervescence. 

285. Genthite. H,(Ni,Mg)^Si30„. Amorphous. In- 
crusted with a delicate stalaclitic surface. H, = 3-4. 
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Some specimens very soft, and, IT placed in water, crum- 
ble to pieces. G, = 2.409. Lustre resinous ; color yel- 
lowish or greenish. Streak greenish- while. Translucent 
to opaque. 

In the closed tube, blackens and yields water. In- 
fusible before the blowpipe. Gives a violet bead in the 
oxidizing flame, gray in the reducing flame. 

Decomposed by hydrochloric acid without gelatinizing. 

Mlneral^^ containing nickel ; Beyrichite, llreilbauptile, Moreno&ile, 

ORES OF SILVER. 

286. Native Silver.— Pure silver, associated with gold, 
copper, and sometimes platinum, antimony, bismuth, 
and mercury. H.:^2.5-3; G.=;io-ii. Isometric; 
twins. Color silver-white; lustre metallic ; ductile and 
malleable. Occurs usually in twisted filaments, or arbor- 
escent; sometimes in plates or massive. 

On charcoal, fuses easily to a globule, which assumes a 
bright surface, and shows after cooling a silver-white 
color. Foreign metals are detected by tiie methods 
given in pars. 117-119. 

It dissolves in nitric acid, and is again deposited by a 
plate of copper, 

287. Argentite.— Silver Glance. Ag^. S7.iAg. H. 
= 8-2.5; G.= 7. Isometric. Color blackish, lead- 
gray; lustre metallic. It is easily distinguished from 
other minerals of the same color by being cut with a 
knife like lead. Malleable. 

On charcoal in the oxidizing flame, intumesces, gives 
out sulphur dioxide, and finally yields a globule of me- 
tallic silver. 

Soluble in dilute nitric acid, leaving a residue of siil 
phur. 
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llpaite. (Ag,Cu,)S. Isometric. A ciipriferoiix silver 
~ from Mexico. Color blackish lead-gray. Malic- 



Acanthite. Ag^S. Trimetric. Reactions the same as 
or argeniire, and differs only in crystalline form. 
288. Stromeyerite. — Argentiferous Sulphide of Copper. 
S + Ag,S. 53Ag,3i.aC«. H.= 2.5-3; G. = 6,3-6.3. 
Hnietric. Occurs ttsually in small, comi>act masses. Lim- 
^tmetallic ; color dark steel-gray ; streak gray, shining. 
11 a matrass, fuses easily and gives sometimes a little 
In an open tube, fuses to a globule (mil give* 
f sulphur dioxide. On charcoal, fuses to a gray metal- 
B globule, which is somewhat malleable ; with fluxes the 
Mile gives the reactions of copjier, sometimes atsu 
c of iron j on a cupel with lead, affords a globule of 

Dissolves in nitric acid, leaving a residue of sulphur. 
I. Dyscrasite. — Antimonial Silver. Ag,Sb and other 
proportions. ySaq. H. =3.5-4; C. =9,4-9.8. Tri- 
metric. Occurs crystalline or massive ; granular. Lustra 
metallicj color and streak silver-white, ,ilso tin-while. 

On charcoal, fuses readily to a gray, non-ductile glob- 
ule, and coats the charcoal with antimony trioxide. With 
continued heat the globule assumes the apjiearance of 
pure silver and the coating becomes reddish. 

290. Pyrai^yrite.— Ruby Silver Ore, 3 Ag^S + Sb.S,. 
S9.8.\g, H. = 2-a.5; C. = 5.7-5.9. Hexagonal. Color 
dark-red to black, giving a cochineal-red powder. Crys- 
tallizes in hexagonal prisms. Streak cochineal-red. Lustre 
metallic-adamantine. 

In a matra.ss, fuses very readily, and yields with con- 
tinued heat a sublimate of antimony Irisulphide. In an 
open glass lube, gives antimony fumes and sulphur di- 
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oxide. On charcoal, fuses readily and deposits a coat' 
ing of aniimony trioxide, being converted into silver sul- 
phide ; if for a long time exposed to ihe oxidizing flame, 
or, when mixed with soda, in the reducing flame, aSbrds 
a globule of metallic silver. 

Pan of the Sb^, is sometimes substituted by As^,; it 
then gives out arsenic fumes when mixed with soda and 
heated in the reducing flame on charcoal. 

The pulverized mineral, when heated with nitric acid, 
turns black, and is ultimately dissolved, leaving a residue 
of sulphur and antimony trioxide. Caustic potash also 
blackens it and affects partial solution, from which acids 
precipitate antimony trisulphide. 

291. Pronatite.— Lighi-red Silver Ore. 3 Ag^S + ^&^^ 
^S-SAg- H.^2-2.5; 0.^5.4-5.5. Hexagonal. Very 
much resembles the dark-red silver ore, but is of a some- 
what lighter color. Lustre adamantine. 

Before the blowpipe and to solvents, behaves like the 
preceding, excepting it gives off" arsenic fumes instead 
of antimony trioxide, The solution in caustic potash 
deposits a yellow precipitate when neutralized with acids. 

292. Stephanitfl. — Brittle Silver Ore. sAg^.Sb^, 
68.5Ag. H. = 2-2.5; G.^6.2. Trimetric. Of 
lie lustre and iron-black color and streak; it is very 
tie and fragile. 

In a matrass, decrepitates, then fuses, and ultimately 
yields a faint sublimate of antimony trisulphide. On 
charcoal, fuses very readily, and coats the charcoal with 
antimony trioxide. If the blast with the oxidizing flame 
is kept up for a sufficient time, the coating assumes a red 
color and a globule of metallic silver is obtained. Con- 
tains frequently copper and iron, which may be delected 
by the process described in par. 88. If arsenic is pres- 
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^*it, it gives in the open lube a crystalline sublimate of 
^l^enic irioxide. 

In dilute healed nitric acid it dissolves, excepting the 
Sulphur and antimony Irioxide; the solution becomes 
«ttilky on addition of water. Partially dissolved by a. 
t>oiling solution of caustic potash. 

293. Polybasite. ()Ag,S + Sb,S,. 75-5Ag, H.= a-3i 
Ci.= 6.3. Trimetric. Occurs usually in short tabular 
p»risms or massive. Lustre metallic; color and streak 
iron-black. 

In a matrass, fuses very readily, but gives nothing vola- 
tile. In an open tube, gives sulphur dioxide and anti- 
mony fumes; the sublimate sometimes contains crystals 
of arsenic trioxide. On charcoal, gives a coating of an- 
timony Irioxide J with continued heat, gives a bright 
metallic globule, which, on cooling, becomes black on 
its surface; sometimes a faint coaling of zinc oxide ia. 
deposited ; the metallic globule affords with fluxes the 
reactions of silver and copper. 

With acids, behaves like bournonite. 

294. Cerai^yrite.— Horn Silver. AgCl. 7S'3Ag. H. 
= 1-1-5; fj-^5-5- Isometric. Remarkable for its 
pearl-gray or greenish color, its semi-transparency, resin- 
ous lustre, and more especially for its softness, which is 
so great as to allow it to be marked by the nail. It turns 
brown on exposure to air. When rubbed with a moist- 
ened plate of zinc or iron, the latter becomes covered 
with a coating of silver. The streak is shining. 

It fuses in a candle-flame. On charcoal, is easily re- 
duced, especially when mixed with soda. Mixed with 
copper oxide and heated on charcoal in the reducing 
flame, copper chloride is formed, which colors the flame 
azure-hlue (see par. 8aJ, 
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Insoluble in water and nitric acid. Slowly soloWe ii 
ammonium hydrate. Partially decomposed by a boiling 
solution of caustic potash. 

295. Bromyrite— Silver Bromide. AgBr. 57-4Ag. 
■H, = 2-3 ; G. — 5.8-6. Isometric. Occurs usually in 
small coucretions. Lustre splendent; color yellowish- 
green or green, Sectile. 

Before the blowpipe on coal emits bromine vapois 
and yields a globule of silver. Fused with acid potassium 
sulphate in a matrass, gives off yellowish-brown vajxw 
of bromine. The globule while hot is intetise red, ini 
yellow when cold. Insoluble in nitric acid; difBcuitl/ 
soluble in ammonium hydrate. 

296. Embolite. -Chtoro-Broraide of Silver. AgBrand 
AgiJl in v.irying proportions. 61 to 69.8Ag. H.=I- 
1.5; G. = 5.3-5.8. Isometric. Crystallized or massive. 
Lustre resinous; color various shades of green 10 dark' 
yellow. 

On charcoal, fuses readily, evolves pungent vapors of 
bromine, and affords a globule of metallic silver. With 
soda on charcoal, reduced ; on dissolving in water the 
alkaline mass which ha-s passed into the roal, evaporating 
the solution to dryness, and treating the residue with acid 
potassium sulphate as described in par. 79, bromine 
vapors are given out; the bead while hot is garnet-red. 
and yellow when cold. Fused with copper oxide 011 
charcoal in the reducing flame, colors the outer flnme 
greenish, then blue (see par. 78). 

297. lodyrite. -Silver Iodide. AgL 46Ag. H.= i.5; 
G.^5.7. Hexagonal. Soft. Occurs crystallized or in 
thin plates with a lamellar structure. Color citron-yel- 
low to yellowish-green, Lustre resinous to iidamaniine. 

On charcoal, fuses readily, colors the Rame purpIc-reJ, 
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and aiTords a globule of silver. In a matrass with acid 

potassium sulphate, gives olT iodine vapors, and fuses to 
a very dark, almost black, globule. 

Tocomalita. Agl -|- Hgl. Amorphous. Color pale- 
yellow. 

Minerals conlaining silver: N.ilivc Amalgam, Hesaile, I'viiite, 
Sjilvanile, Miargyrile, Fieieslebenilc, Ai^enliferous Tetrahedrile, 
Galen ite, etc. 

ORES OF TIN. 

298. Stannitfl.— Tin Pyrites. ^Cu,Fe,Zn,Sn)S. z6Sn. 
H.^4; G, = 4.3-4.5. Probably dimetric and hemi- 
liedral. Of steel-gray or iron-black color and metallic 
lustre. Occurs usually massive, granular, and dissemi- 
nated. Streak blackish. 

In an open glass tube, yields sulphur dioxide and tin 
oxide, which collect close to the assay-piece, and which 
cannot be volatilized by heat. On charcoal in reducing 
flame, fuses to a black scoriaceous globule; in the oxi- 
dizing flame, gives out sulphur dioxide and becomes cov- 
ered with tin oxide. When well calcined by the alternate 
application of the oxidizing flame and the reducing 
flame, gives with borax the indications of Fe and Cu.' 
With soda and borax, yields a globule of impure cop- 
per. 

Decomposed by nitric acid, a blue solution is obtained, 
and a mixture oC sulphur and tin oxide remains undis- 
solved. " ^' J ) ». 

299. Cassiterite.— Tin Ore. SnO^ 78.67 Sn. H.= 
6-7; G. = 6.3-7. 1. IJimetric It occurs crystallized ia 
square prisms terminated by more or less complicated"' 
pyramids; re-entrant angles are so frequent that they 
are to a certain extent characteri.stic ; also massive, and' 
in small maramillated masses of fibrous texture, hence 
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called " wood tin." Color variable, but usually brown 
or black. The crystals cotniDOiily possess a very bril- 
liant lustre. 

Infusible in the forceps ; the behavior before the blow- 
pi])e is that of pure tin oxide (see Table 11., 30'), except- 
ing that it sometimes imparts to the borax beaci a sUgbl 
yellowish tinge, owing to the presence of iron, and »■ 
hibits the reaction for manganese when fused with sodt 
and nitre on platinum-foil. 

isoluble in acids. Fused with caustic potash, yi 
a mass which is mostly soluble in water. 

ORES OF ZINC. 
300. sphalerite.— Blende. ZnS. 67. Zn. H.= 3.5-4; 
J. — 3.9-4.2. Isometric. Of very variable color, from 
yellow to black; of resinous lustre and lamellar aspect, 
distinctly cleavable. ll often occurs crystallized in rhonv 
boidat dodecahedrons. The powder is always light-col- 
ored, white or grayish, and dull. 

In a matrass, sometimes decrepitates violently, but 
gives nothing volatile ; its color also rem&ins unchangeili 
excepting the green varieties, which become yellow. 
Strongly heated in an open glass tube, sulphur dioxide 

olvcd, and the color of the calcined assay is whilt. 
yellowish, or brownish, according to the amount of iron 

■\\ it contains. Alone, infusible or only rounded at 
the thinnest edges. On charcoal, decrepitates violentlji 
and in the reducing flame a feeble dark coaling of cad- 

n oxide is usually obtained, which is soon followed 
by a pure zinc coating, which becomes green when moi.st- 
cned with cobalt solution and heated. With soda on 
charcoal, is easily reduced, and the characteristic zinc 
flame may frequently be observed. Iron is readily dc- 
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the oxidizing flame and 

c acid, leaving 



tccled by calcining the mineral ii 
treating the residue with borax. 

The pulverized mineral dissolves in niir 
a residue of sulphur. 

301. Zincite.- Red Zmt Ore. ZnO, coLitaining Mn. 
So.36Zn. H. = 4-4.5L G. — 5.4-5.5. Hexagonal, Of 
a deep-red color and high lustre; of distinetly foliated 
Structure and orange-)- el low streak. 

Infusible alone. Dissolved by borax in the oxidizing 
flame with manganese reaction. With soda on charcoal 
deposits a copious coaling of zinc oxide. 

Soluble in nitric acid without effervescence; in hydro- 
chloric acid with evolution of chlorine. 

302. Smithsonite.^Zinc Carbonate. ZnCOj. 5aZn. 
H.^5; G. = 4-4.5. Hexagonal. Of vitreous lustre, 
and white, grayish, or brownish color and streak; semi- 
transparent or opaque. Often slalactitic or raammillary. 

Heated in a matrass, loses carbon dioxide, and, jf 
pure, apyiears after cooling enamel-white. The ZnO is 
often to a large extent substituted by FcO.MnO.CdO, 
PbO,MgO,CaO ; it then, after cooling, frequently assumes 
a dark color and gives with fluxes the indications of iron 
and manganese. Mixed with soda and exposed to the 
reducing flame, it is decomposed, and zinc oxide de- 
posited on the charcoal, which may be tested with co- 
balt solution. If the temperature is raised sufficiently 
high, a zinc flame is sometimes observable. The coat- 
ing is at first dark-yellow, 
present. 

It readily dissolves in acid 
caustic |)otash. 

303. Willemite.— Anhydrc 
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Zn. H.=5.S'. G.=3.8g-4.37. Hexagonal. 

vitreo-resinous ; weak. Color whitish or green ish-yello* 
when purest; green to dark-brown when impure. Strealt 
un<;olored. Transparent to opaque. Brittle. 

Before the blowpipe in the forceps, glows and fiises 
with difficulty to a white enamel ; the varieties from New 
Jersey fuse from 3,5 to 4. The powdered mineral on 
coal in the reducing tlame, gives a coating, yellow while 
hot, and white on cooling, which, moistened with coM 
solution and treated in the oxidizing flame, is colored 
bright-green. With soda the coating is more easily ob- 
tained. Decomposed by hydrochloric acid with separa- 
tion of grlatinous silica. 

304. Calamine.— Hydrous Zinc Silicate. Zn.SiO^ + aq. 
67,5ZnO, with sometimes a little lead. H.:^4.5"5; G. 
— 3.1-3.9. Trinietric. It closely resembles in its physi- 
cal characters the preceding ore. It becomes electric by 
heat; the smallest fragment heated attracts light sub- 
stances. 

Infusible in the forceps. In a matrass, yields waterand 
turns milk-white. With borax dissolves it to a transparent 
glass, which cannot be made opaque by flaming. It dis- 
solves in salt of phosphorus to a transparent glass, which 
becomes opaque on cooling, and in which, when highly 
saturated, clouds of silica are observable while hot. Wilh 
soda on charcoal, swells and affords with difficulty a coat- 
ing of oxide of zinc. With cobalt solution, assumes a 
green color, which, when the heat is raised, passes into a 
line light blue on the fused edges. 

It is readily decomposed by acids, with separation of 
gelatinous silica. Dissolved by a strong solution of caus- 
tic potash. 

Mineral; containing zinc : Hy<lroiincite, Auricholeite, Fraiikluiilc- 
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r305. Graphite.— Plumbago. 
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^esquioxide mixed with il. Hexagonal. In flat, six-sided 
.—-2-3.2. Lustre metallic; streak 
olor iron-black to dark steel-gray; 
rka paper; thin ;*laininEe flexible ; 



tables. 

black and shinit 
opaque; sectile: 
feel greasy. 

It occurs also foliated, columnar, radiated, scaly, gran- 
ular, and massive. 

At a high temperature it bums without flame or smoke, | 
leaving usually some red iron oxide. Before the blowpipe, 
infusible ; fused with nitre in a platinum spoon, deflagrates, 
converting the reagent into potassium tarbonate, which ef- 
fervesces with acids. Unaffected by acids. 

306. Anthracite. C (from So to 95 per cent.), with a 
small .percentage of SiO„ AI,Oj, and FeO^. H.^2-2.5; 
G. ^^1.3-1.8. Lustre bright, often stib-metallic ; color ■ 
iron-black, frequently iridescent; fracture conchoidal. 

In a matrass, gives usually a littie water, but no empy- 
reiimatic oil. Heated on platinum foil in the oxidiKing 
Same, is slowly consumed without flame, leaving a small ] 
quantity of ash, which consists of SiO„ AIO3, and more | 
or less of FeO,. Does not color a boiling solution of , 
caustic potash. 

307. Bituminous Coal, C,H,0, in variable propor- 
tions. The bituminous matter contains from 76 to 90 I 
per cent, of carbon ; the earthy impurities consist prin- ( 
cipally of SiO„ AlO,, and CaO; contains frequently a 
small amount of N anri Fe.S,. Softer than anthracite, G. 
= 1.2-1.5, Less highly lustrous than the preceding, and 
of a more purely bl.ick or brownish-black color. 

i soften and cake {caking ' 
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(oal). while olhers are entirely infusible; all varieties are 
dccomiKised, evolve combustible gases and empyreuniauc 
oils, and leave a residue of more or less metallic lostrt 
(coke), which behaves like anthracite. On platinum foiii 
burns with a luminous flame and emission of smoke, leav- 
ing an earthy residue. 

Boiled with a solution of caustic potash or with etbEf. 
imparls to these solvents no color, or only a pale-yello*' 

308. Brown Goal Composition the same as thai oi^' 
tuminous coal, bnt the organic constituents contain only 
from 60 to 75 per cent, of carbon. In physical proF'" 
lies bears sometimes a close resemblance to the precM' 
ing. Some varieties show distinctly the ti 
{lignite). 

In a matrass, infusible, but some varieties s 
evolves combustible gases, empyreumalic oils, water * 
acid reaction, and a peculiar disagreeable otlor, leavilE 
a residue which consists of carbon and a consideral)'^ 
amount of ash. On platinum foil, burns with a smoW 
flame and emission of a peculiar odor. 

Boiled with a solution of caustic potash, colore the 
liquid brown. 

309. Asphaltlim. C,H,0, in variable proportions, 
with about 75 per cent, of carbon. G.= i-i.8. Of 
black or brownish-black color and bituminous odor. 

Fuses at about 100° C, and burns with a bright flame 
and emission of a thick smoke, leaving little ash, whith 
consists essentially of SiO,. AID,, and PeO,. In a ma- 
trass, gives empyreumatic oil, some ammoniacal water, 
combustible gases, and leaves a carbonaceous residue. 

Treated with boiling ether, colors the solvent wine- 
red to brownish-red (distinction from bituminous coal); 
treated with a boiling solution of caustic potash, does nol 



water" 



CHARACTERISTICS OF ORES. 349 

color the liquid, or imparts at the most a pale-yellow color 
(distinction from brown coal). 

310. Succinite. — Amber. C,H,0. H.= 2-2.5; G.= 
1. 065-1 .081. It occurs in irregular masses, without cleav- 
age; lustre resinous; color yellow; sometimes reddish, 
brownish, and whitish; often clouded; streak white; 
transparent; translucent; tasteless; electric on friction; 
fuses at 287° C, but without becoming a flowing liquid. 

It consists of succinic acid, resins, an ethereal oil, and 
succinite proper, an insoluble substance. 

Amber fuses with some difficulty in the matrass, yield- 
ing water, empyreumatic oil, gases, succinic acid, and a 
residue of amber resin. It burns with a yellow flame, 
emitting an agreeable odor, and leaving a black, shi- 
ning, carbonaceous mass. 

311. Elaterite. — Elastic Bitumen. C and H. G.= 
0.905-1.223. Soft, elastic, like India-rubber, but some- 
times hard and brittle. Color dark-brown; subtranslu- 
cent. Occurs in compact, reniform, or fungoid masses. 
Usually with a peculiar suffocating odor. 

Burns in the flame of a candle, and gives empyreumatic 
products when fused in a matrass. 

312. Ozocerite. G. = 0.85-0.90. In appearance and 
consistency similar to wax or spermaceti. Color white, 
yellowish, brown, and leek-green ; translucent; feel greasy; 
wax-like odor; fusibility 56° to 63° C. It has been ob- 
tained by destructive distillation from mineral coal, peat, 
petroleum, etc. 

HYDROCARBON COMPOUNDS. 

For a partial list of these, see p. 290. 
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ABICHITE = ClLnoclasite,243. 
Acanthiie, 833, 339. 

Aclinolite, 269. 
Adimlle, 251^. 
Mgyr'me^ Pyroxene, 267. 
i^-ichyniie, 387. 
Agalmalolite 284. 
Agate Quart? . 288. 
Aikinile. 233. 
Alibandite, 233. 
Alberlite, Z90. 
Albite, 270. 
Algodonite, 227, 310. 
Allanite 236, 349. 
Allochmite, 250. 
Atloclasile, 22S. 
Allopbane, 373. 
Atmajidite, 256. 
Allaite. 230. 
Alun.ia11.274. 
AlumLnile, 271. 
Alunite, 271. 
Alunc^n. 255. 
Amalg-im, 227, 235, 334. 
Amber, 290. 
Amblygonile, 257. 
Ambrite, 290. 
Amethyst ^ Quartz, 28S. 



Amianthus, 269. 

Ammania alum " Tscbennigite, 

255- 
Ampbibote, 26S. 
Amphitbalite, 273. 
Analcile, 261. 
Analase Oclahedrile, 287. 
Anaalusile, 275. 
Anglesile, 242, 326. 
Anhydrite, 254- 
Anhydrous silicate of zinc^Wil- 

letnite, 345. 
Ankerite, 278. 
AniiabergitP, 245. 337. 

Anthophyllite, 286. 
Anthncite, 347. 
Antigorile = Serpentine, 282. 
Antimony, 233. 

" glance >^Sttbnite, 30a 

Antozonite = Fluorite, 254. 
Apatite, 256. 
Aptilhitalite, 153. 
Apwphyllile, 260. 
Aragonile, 277, 
Ara^otite, 290. 
Ardennite, 264. 
Arfvedsonite, 250. 
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Argentiferoas sulphide of copper 

= Stromeyerite, 339. 
Argentite, 227, 233, 338. 
Arkansite — Brookite, 287. 
Arksutitc, 255. 
Arquerite, 235, 334. 
Arsenic, native, 302. 

" ores of, 302. 

" 227. 
Arseniosiderite, 246. 
Arsenomelane = Dufrenoysite, 

325- 
Arsenolite, 239, 303. 

Arsenopyrite, 229, 237, 319. 

Asbestos, 268, 269. 

Asbolite, 307. 

Asperolite ^ ChrysocoUa, 315. 

Asphaltum, 348. 

Astrophyllite, 249. 

Atacamite, 244, 312. 

Allasite, 244. 

Augitc Pyroxene, 268. 

Aurichalcite, 244. 

Automolite - Gahnite, 290. 

Autiinile, 257. 

Axinite, 267. 

Azurite, 244, 314. 

BARINCn'ONITE, 250. 
IJaritc, 254. 
Barsowile, 260. 
Baryta - Barite, 254. 
Barytocalcite, 277. 
Bastnasite, 280. 
Bastite^ Serpentine, 282. 
Bayldonite, 243. 
Beauxite, 285. 
Beraunite, 248, 322. 



Berlinite, 273. 
Berthierite, 233, 301. 
Beryl, 289. 
Berzelianite, 230. 
Beudantite, 246. 
Beyrichite, 234. 
Bindheimite, 241. 
Binnite, 227. 
Biotite, 284. 
Bismite, 234, 304. 
Bismuth, ores of, 303. 

235. 
Bismuthinite, 234, 303. 
Bismutite, 252, 305. 
Bituminous coal, 347. 
Black lead = Graphite, 347. 
Black manganese, 331. 
Blende = Sphalerite, 344. 
Bloedite, 253. 
Blue iron earth = Vivianite» 

322. 
Blue malachite = Azurite; 314- 
Blue vitriol = Chalcanthite, 313- 
Bog-butter, 290. 
Bog iron ore = Limonite, 279. 
Bog manganese, 332. 
Boltonite = Forsterite, 284. 
Boracite, 256. 
Borax, 253. 
Borickite, 248. 
Bornite, 233, 310. 
Borocalcite = Ulexite, 254. 
Botryogen, 247. 
Boulangerite, 232, 325. 
Bournonite, 231, 324. 
Bowenile = Serpentine, 282. 
Brandisite^ Seybertite, 275. 
Braunite, 237, 331. 
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Hydroniagnesite, 276. 
Hydrotalcite, 278. 
Hydrous zinc silicate, 346. 
Hydrozincite, 276. 
Hypersthene, 287. 
IIyix)Stilbite, 261. 
Hystatite = Menaccanite, 319. 

IDOCRASE^ Vesuvianite, 270. 
Idrialite, 290. 
Ilmenite =• Menaccanite, 319. 
Ilvaite, 236, 249. 
Iodic silver, 342. 
lodyrite, 240, 342. 
lolite, 288. 
lonite, 290. 
Iridium, ores of, 315. 
Iridosmine, 226, 238, 316. 
Iron carbonate = Siderite, 323. 

" chromic = Chromite, 305. 

" magnetic = Magnetite, 320. 

" meteoric, 317. 

" pyrite, 317. 

" specular = Hematite, 319. 

" titanic = Menaccanite, 319. 
Isoclasite, 257. 
Ittnerite, 258. 
Ivaarite, 263. 

JACOBSITE, 237. 
Jalpaite, 233, 339. 
Jamesonile, 231, 325. 
Jarosite, 247. 
JasjDer = Quartz, 288. 
Jefferisite, 261. 
Jeffersonite = Pyroxene, 268. 
Jolly te, 261. 
Jordanite, 227. 



Joseite, 231. 

KAINITE, 253. 
Kalaite = Turquois, 279. 
Kalinite, 253. 
Kaolinite, 273. 
Keilhauite, 269. 
Kermesite, 239, 301. 
Kerolite = Cerolite, 286. 
Kerrite, 261. 
Kieserite, 253. 

Kilbrickenite = Geocronite, 325. 
Kjerulfine, 257. 
Klipsteinite, 260. 
Knebelite, 249. 
Kobellite, 232. 
Kraurite = Dufrenite, 248. 
Kreittonite = Gahnite, 290. 

LABRADORITE, 264. 
Lanarkite, 242. 
Lancasterite, 277. 
Langite, 244. 
Lapis-lazuli, 258. 
Laumontite, 257. 
Lavendulan = Wad, 332. 
Laxmannite, 242. 
Lazulite, 274. 
Lead, ores of, 323. 
Leadhillite, 242, 330. 
Lead vitriol = Anglesite, 326. 
Lehrbachite, 229. 
Lepidolite, 251, 266. 
Lepidomelane, 250. 
Leuchtenbergite, 285. 
Leucite, 284. 
Leucophanite, 266. 
Leucopyrite = Lolingite, 237, 
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I.ilirihcnitr, 245. 
l.irviitr — tlvaitr, 249. 
t4|jh(-rril *ilvcr ore •^ Prouatitc, 
J40. 

LimrMhrntnc ii^arnct •« Ouvaro- 

vtic, l)^i). 
t.tmnnitr. i ).S. 250, 279, 321. 
t.ihn»rtlr, JJ4, 306. 
iJnaiitr, 241. 
l.iittMiiulc. 243. 
I.llhlM|ihniilc, 237, 278. 
t.tlltomar^r, 274. 
l,i»rWiJr, J53. 
l-OliUKilr, 220. 237. 
I.Milwtu»lr. 24O, 278. 

t.iiiiniir - tVutinmalachite, 245. 

MA(()NITK. 261. 
N!.»f»nr>iiifrriitc, 237. 

M .KM.r.ilr, ,77. 

\t «}.MM lu imn oH", ^20. 

Mi»l.M»iii. pvnic-^ I'ynhotilc, 

ilf.. 
M.utnri.ir. .».;s. -'.^7. 3-^- 

\\.\\m lulr. J44, 31 \, 

\\.\\m nlllr, ,*().S. 

M.il.l.inilr. .»;(). 

M.»n}.|.uu-.r j.',.unrt Spessartite, 

M;n>^',;»nr^t\ mcs of, 331. 
M;m^Mnitr. .»37. 332. 
M:»u-.»silf, 234, 31S. 
Mar^;;iiitr, -l()0, JS5. 
Mar^aroiliti', 2S5. 
Marinatitc Sjihalorile, 270. 
Marmi)Iile Serpcnliiu", 283. 



Mar»b-ga», 29OL 
Ma.scagncte, 259U 
Masonite«=Chk)ntatdy 2%. 
MassicoCy 326. 
Matlockite, 242. 
Meerschaum = Sepiofitc, 2S£' 
Megabosite, 251. 
Meionite, 259. 
Melaconite, 244, 312. 
Melanterite, 247, 322. 
Melilite, 259. 
Melonite, 230. 
Menaccanite, 238, 319. 
Mendipite, 242. 
Meneghenite, 232, 325. 
Mercury, 227. 
Mercury, ores of, 333. 
Metacinnabarite, 233. 
Mesitite, 278. 
Mesolite, 258. 
Metaxite = Serpentine, 282. 
Meteoric iron, 317. 
Miargyrite, 232. 
Mica, iron = Lepidomelane, 250. 

•* lithia = Lepidolite, 266. 

** magnesia = Phlogopite, 
285. 

'♦ magnesia iron = Biotite, 
284. 

" potash ^ Muscovite, 284. 
Microsommite, 264. 
Millerite, 234, 335. 
Miloschite, 274. 
Mimetite, 241. 

Minerals oxidized, list of, 291. 
Minium, 241, 325. 
Mirabalite, 253. 
Mispickel = Arsenopyrite, 319. 
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Diallogite =-= Rhodochrosite, 333. 

Diamond, 290. 

Dianite = Columbite, 235. 

Diaspore, 272. 

Dichroite = lolite, 288. 

Diopside = Pyroxene, 268. 

Dioptase, 281. 

Disterrite = Seybertite, 275. 

Disthene = Cyanite, 275. 

Dolomite, 277. 

Domeykite, 227, 310. 

Dopplerite, 290. 

Dudleyite, 261. 

Dufrenite, 248. 

Dufrenoysite, 227, 325. 

Durangite, 255. 

Dysodile, 290. 

Dysiuite = Galenite, 290. 

Dyscrasite, 232. 

EARTHY cobalt = Wad, 332. 
Edelforsite, 271. 
Edingtonite, 257. 
Ehlite = Pseudomalachite, 245. 
Ekmannite, 249. 
Elaeolite, 260. 
Elastic bitumen, 290. 
Elaterite, 290, 349. 
Electrum, 226. 
Embolite, 240, 342. 
Emerald = Beryl, 289. 
Emerald nickel = Zar^tite, 337. 
Emplectite, 233. 
Enargite, 227, 311. 
Enstatite, 286. 
Epidote, 270. 
Epigenite, 227. 
Epsomite, 253. 



Erinite, 244. 

Erythrite, 245, 308. 

Eucairite, 230. 

Euchroite, 244. 

Euclase, 289. 

Eucolite=Eudialyte, 264. 

P^udialyte, 259. 

Eulytite, 252. 

Euphyllite, 266. 

Euralite, 249. 

Euxenite, 287. 

Eusomite, 290. 

Eusynchite ^ Dechenite, 241. 

Evansite, 272. 

FAIILERZ = Tetahedrite, 

Fassaite, 268. 
Fauserite, 256. 
Fayalite, 235, 236, 249. 
Feldspar = Albite, 270. 

= Anorthite, 264. 

— Oligoclase, 270. 

= Ortlioclase, 270. 
" = Labradorite, 264. 
Felsobanyite, 272. 
Ferberite = Wolframite, 251. 
Fibroferrite, 247. 
Fibrolite, 275. 
Fichtelite, 290. 
Fischerite, 272. 
Flint, 288. 
Fluocerite, 280. 
Fluorite, 254. 
Forsterite, 284. 
Franklinite, 237, y^.o. 
Freibergite, 232. 
Freieslebenite, 232. 
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Libethenite, 245. 
Lievrite = Ilvaite, 249. 
Light-red silver ore = Proustite, 

240. 
Lignite, 348. 
Lime-chrome garnet = Ouvaro- 

vile, 289. 
Limonite, 238, 250, 279, 321. 
Linnaeite, 234, 306. 
Linarite, 241. 
Liroconite, 243. 
Lithiophorite, 237, 278. 
Lithomarge, 274. 
Loewite, 253. 
Lolingite, 229, 237. 
Ludwigite, 246, 278. 
LUnebergite, 256. 
Lunnite = Pseudomalachite, 245. 

M ACONITE, 261. 
Magnesioferrite, 237. 
Magnesite, 277. 
Magnetic iron ore, 320. 
Magnetic pyrites — Pyrrhotite, 

316. 
Magnetite, 235, 237, 320. 
Malachite, 244, 314. 
Malacolite, 268. 
Maldonite, 226. 
Manganese garnet = Spessartite, 

265. 
Manganese, ores of, 331. 
Manganite, 237, 332. 
Marcasite, 234, 318. 
Margarite, 266, 285. 
Margarodile, 285. 
Marmatitc^^ Sphalerite, 279. 
Marmolite^ Serpentine, 283. 



Marsh-gas, 290. 

Mascagnite, 239. 

Masonite = Chloritoid, 286. 

Massicot, 326. 

Matlockite, 242. 

Meerschaum = Sepiolite, 282. 

Megabasite, 251. 

Meionite, 259. 

Melaconite, 244, 312. 

Melanterite, 247, 322. 

Melilite, 259. 

Meionite, 230. 

Menaccanite, 238, 319. 

Mendipite, 242. 

Meneghenite, 232, 325. 

Mercury, 227. 

Mercury, ores of, 333. 

Metacinnabarite, 233. 

Mesitite, 278. 

Mesolite, 258. 

Metaxite = Serpentine, 282. 

Meteoric iron, 317. 

Miargyrite, 232. 

Mica, iron = Lepidomelane, 250. 

lithia = Lepidolite, 266. 

magnesia = Phlogopite, 
285. 

magnesia iron = Biotite, 
284. 

potash = Muscovite, 284. 
Microsommite, 264. 
Millerite, 234, 335. 
Miloschite, 274. 
Mimetite, 241. 

Minerals oxidized, list of, 291. 
Minium, 241, 325. 
Mirabalite, 253. 
I Mispickel = Arsenopyrite, 319. 
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Molybdenite, 238. 
Molybdite, 251. 
Monazite, 280. 
Monradite, 283. 
Monrolite = Fibrolite, 275. 
Monticellite, 284. 
Monzonite, 271. 
Mordenite, 262. 
Morenosite, 246. 
Moroxite = Apatite, 256. 
Mosandrite, 262. 
Miillerite, 280. 
Muscovite, 274, 284. 
Myargyrite, 232. 
Myelin, 274. 
Mysorin = Malachite, 244. 

NACRITE = Kaolinite, 273. 
Nadorite, 241. 
Nagyagite, 231. 
Nantokite, 244. 
Naphthalin, 290. 
Native antimony, 231. 

** arsenic, 227, 302. 

" bismuth, 235, 303. 

" copper, 226, 308. 

" gold, 226, 315. 

" iron, 227, 317. 

" lead, 226. 

" mercury, 227, 333. 

" palladium, 226. 

" platinum, 226, 316. 

" silver, 226, 338. 

" sulphur, 239. 

" tellurium, 230. 
Natrolite, 257. 
Natron, 252. 
Naumannite, 230. 



Nemalite = Brucite, 277. 

Neolite, 283. 

Nephelite, 259. 

Nephrite = Nemolite, 269. 

Newjanskite = Iridosmine, 316. 

Niccolite, 228, 335. 

Nickel glance = Gersdorffite, 336. 

" ores of, 335. 
Nickeliferous gray antimony = 

Ullmannite, 336. 
Nitratite = Soda nitre, 252. 
Nitre, 252. 
Nohlite, 267. 
Nosite, 259. 
Nuttallite = Scapolite, 263. 

OBLIQUE mica = Muscovite, 
284. 
Obsidian, 271. 

Octahedrite, 287, . 

CEllacherite, 285. 
Okenite, 260. 
Oligoclase, 270. 
Olivenite, 243, 313. 
Olivine = Chrysolite, 283. 
Opal, 288. 

Ophite = Serpentine, 282. 
Orangite = Thorite, 281. 
Ores, characteristics of, 300. 
Ores of antimony, 300. 

arsenic, 302. 

bismuth, 303. 

chromium, 305. 

cobalt, 306. 

copper, 308. 

gold, 315. 

iridium, 315. 

iron, 317. 
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MIA'BXALS. ^^^H 


^H On» of leiU, 333. 


^^H 


^H ■' mnngancse. 33I. 




^H " mc^rcuty, 333. 




^H '• nickH. 335. 


^^^^1 


^H pUlitium, 315. 




^H 


Phoephate uf ci^jpet =- ^"^^^^^1 


^H 343- 


nmlacbile, 245- ^^H 


^H " zi^c. 344- 


Phosphate or lead = Pyrattli|^^H 


^H Orpimefll, 139, 302. 


^H 


^^B Onhiie = Atlanite, 249. 




^^H OrlliiKlue, 270. 


^^^1 


^H O^mindium, 316. 




^H Ouvartivile, iSg. 


Z45- ^^^1 


^^B Oxidized minerals, list of, 291. 


Phosphorite - Apatite, 256. ^^^^^| 


^H OiDcerile, 290. 349. 


Picrolite^ Serpentine, 382. ^^^| 


^^B 


PicromerilE, ^^H 


^H pACHNOLITE, 255. 
^H r Pali^onile, 249. 


283. ^^^1 


Picrosmine, 283. ^^^^| 


^H Palladium, 226. 


Piedmontite, 265. ^^^^| 


^H Pargasile, 269. 




^H Pamiie.279. 


Pistacite ^ Epidole. 27a ^^^| 


^H Pastreile, 247. 


Pilchsione, 27 1 . ^^^^1 


^^B Pearlslone, Z71. 


245. ^^H 


^B Pcclnlite, 360. 


Plagiunue, 232, 32%. ^^H 


^^ Pcganile, *72. 


Platmum ores, 226, 315- ^^H 


. Peneatile. 277. 


^^^^1 


Penniiiile, 283, 285. 


Pleona'^tc -^ Spinel, 290. ^^^^| 


PcnllandiW, 233. 


Plumbago = Graphite, 347. ^^H 


^m Pctcylite. 244. 




^^B Peridote '^ Chrysolite, 283. 


PolianiIe = Pyrolu&ite,33I. ^^^H 


^H Perofskite, 238. 


Polyliasile, 227, ^^^H 


^H. Petnlile, 266. 


Polycrase, 280, ^^^H 


^H Petroleum, 290. 


254. ^^^H 


^^B Pettkoite, 246. 


^^^H 


^^H Te»ite, 


Polym^gnile^Polycrase, ^S^^^H 


^^H Pharmacol He, 254. 




^^H Pharmaco»iderite, 246. 


263. ^^^H 


^^K. Phenaclie, 3S9, 


Prediuzile, 277. ^^^^^^| 
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Prehnite, 261. 
Prochlorite, 285. 
Proustite, 229, 240, 340. 
Pseudomalachite, 245. 
Psilomelane, 236, 237, 332. 
Pucherite, 252. 
Pumice, 271. 
Purple copper, 310. 
Pyrargyrite, 229, 240, 339. 
Pyrite, 234, 317. 
Pyrochlore, 287. 
Pyrochroite, 277. 
Pyrolusite, 237, 331. 
Pyromorphite, 241, 328. 
Pyrope = Garnet, 270. 
Pyrophyllite, 274. 
Pyropissite, 290. 
Pyrosclerite, 261. 
Pyrosmalite, 249. 
Pyrostibite = Kermesite, 301. 
Pyroxene, 267. 
Pyrrhotite, 234, 318. 

QUARTZ, 288. 
Quicksilver = Mercury, 227. 

RABDIONITE, 235, 246. 
Raimondite, 247. 
Ralstonite, 271. 
Rammelsbergite, 229. 
Raphanosmite == Zorgite, 230. 
Realgar, 239, 302. 
Red antimony = Kermesite, 301. 

" copper = Cuprite, 312. 

" lead ore = Minium, 325. 

" zinc ore = Zincite, 345. 
Redondite, 273. 
Retinalite -- Serpentine, 282. 

31 



Rhodochrosite, 278, 333. 
Rhodonite, 236, 251, 265, 333. 
Richterite, 265. 
Rionite, 227. 
Ripidolite, 285. 
Rock-crystal, 288. 
Rcjemerite, 247. 
RSpperite, 249. 
Rottisite = Genthite, 337. 
Rubellite, 275. 
Ruby = Corundum, 275. 
Rutile, 287. 

SAHLITE, 268. 
Sal-ammoniac, 239. 
Samarskite, 236. 
Samoite, 273. 

Sapphire = Corundum, 275. 
Sarcopside, 247. 
Sartorite, 227. 
Sassolite, 256. 
Saynite = Griinauite, 233. 
Scapolite = Wernerite, 263. 
Scheelite, 265, 287. 
SchiIIer-spar = Serpentine, 282. 
Schorlomite, 263. 
Schrotterite, 274. 
Scleretinite, 290. 
Scolecite, 257. 
Scolopsite, 259. 
Scorodite, 245, 322. 
Senarmontite, 239. 
Sepiolite, 262, 282. 
Serpentine, 282. 
Seybertite, 272, 275. 
Siderite, 238, 247, 278, 323. 
Sideroschisolite, 248. 
Siegenite = Linnaeite, 306. 
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Sillimanite, 275. 
Silver, brittle = Stephanite, 340. 
*' dark-red = Pyrargyrite, 

339. 
" glance = Argentite, 338. 

horn = Cerargyrite, 341 . 

light-red = Proustite, 340. 

" ores of, 338. 

** tetrahedrite = Freibergite, 
232. 
Sismondite = Chloritoid, 286. 
Sisserskite = Iridosmine, 316. 
Skutterudite, 228. 
Smaltine, 306. 
Smaltite, 228, 306. 
Smaragdite, 269. 
Smithsonite, 276, 345. 
Soapstone, 285. 
Sodalite, 259. 
Soda nitre, 252. 
Sordawalite, 262, 267. 
Spaniolite, 232. 
Spathic iron^- Siderite, 323. 
Si)eciihir iron = Hematite, 319. 
Spcssaitite, 265. 
SpluLMite, 273. 
Sphalerite, 238, 279, 344. 
Sphene — Titanite, 269. 
Splienoclase, 271. 
Spinel, 290. 
S|){)(lumene, 266. 
Stafi'elite, 254. 
Stannite, 233, 343. 
Stassfurtite - Horacite, 256. 
Staiirolite. 288. 
Steatite, 285. 
Stej)hanite, 232, 340. 
Sternbergite, 234. 



Stibiconite, 278. 
Stibioferrite, 246. 
I Stibnite, 231, 300. 
Stilbite, 261. 
Stilpnomelane, 248. 
Stolzite, 242. 
Stroganovite, 263. 
Stromeyerite, 233, 339. 
Strontianite, 277. 
Struvite, 256. 
Stylotypite, 231. 
Succinellite, 290. 
Succinite, 349. 
Sulphur, 239. 
Susannite, 242. 
Sussexite, 256. 
Svanbergite, 274. 
Sylvanite, 231, 316. 
Sylvite, 253. 
Syngenite, 254. 
Szaibelyite, 256. 

TACHYDRITE, 253. 
Tachylyte, 263. 
Tagilite, 245. 
Talc, 284. 
Tallingite, 244. 
Tannenite = Emp]ectite, 233. 
Tantalite, 238. 
Tasmannite, 290. 
Tavistockite, 273. 
Telluric bismuth = Tetradymite, 

304. 
Tellurium, graphic, 316. 

" ores, 230. 

Tennantite, 227. 

Tenorite = Melaconite, 312. 
Tephroite, 258. 



INDEX TO MINERALS, 



363 



Tetradymite, 231, 304. 
Tetrahedrite, 232, 311. 
Texasite = Zaratite, 337. 
Thenardite, 253. 
Thermonatrite, 253. 
Thermophyllite, 266. 
Thomsenolite = Pachnolite, 255. 
Thomsonite, 258. 
Thorite, 281. 

Thraulite = Gillingite, 250. 
Tiemannile, 229. 
Tincal = Borax, 253. 
Tin ores, 343. 
Tin pyrites = Stannite, 343. 
" stone = Cassiterite, 343. 
Titaniferous iron = Menaccanite, 

319. 
Titanite, 264, 269. 

Tocornalite, 343. 

Topaz, 275, 289. 

Torbanite, 290. 

Torbemite, 245, 257. 

Tourmaline, 267. 

Tremolite, 269. 

Tridymite, 288. 

Triphane = Spodumene, 266. 

Triphylite, 247. 

Triplite, 247. 

TrSgerite, 256. 

Trolleite, 273. 

Trona, 252. 

Tscheffkinite, 263. 

Tschermakite, 270. 

Tschermigite, 255. 

Tungstite, 287. 

Turgite, 279, 321. 

Turquois, 279. 

Tyrolite, 243, 313. 



ULEXITE, 254. 
Ullmannite, 229, 233, 336. 
Uraninite, 239, 279. 
Uranite = Torbemite, 257. 
Uranotile, 281. 
Urpethite, 290. 

VAALITE, 261. 
Valentinite, 239. 
Vanadinite, 242. 
Vauquelinite, 242, 327. 
Vermiculite, 261, 239. 
Vesuvianite, 270. 
Vitriol, blue = Chalcanthite, 313. 

" green = Melanterite, 322. 

" white = Goslarite, 255. 
Vivianite, 248, 322. 
Voigtite, 249. 
Volborthite, 245. 
Volgerite, 278. 

Volknerite = Hydrotalcite, 278. 
Voltaite, 247. 

WAD, 279, 332. 
Wagnerite, 256. 
Walpurgite, 256. 
Warwickite, 286. 
Wavellite, 272. 
Wernerite, 263. 
Westonite, 274. 

White arsenic = Arsenolite, 303. 
White iron pyrites = Marcasite, 

318. 
White lead ore = Cerussite, 330. 

Whitneyite, 228, 310. 

Wilcoxite, 261. 

Witherite, 254. 
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Wittichenite, 233. 
Willemitc, 274, 276, 345. 
Wilsonite, 266. 

Wittichite» Wktidiefiite, 233. 
WOhlerite, 263. 
Wolchonskoite, 281, 286. 
Wolfachite, 229. 
Wolframite, 235, 251. 
WoUastonite, 259. 
Wollongite, 290. 
Wdrthite, 275. 
Wulfenite, 242, 328. 

XANTHOCONITE, 240. 
Xanthopbyllite » Seybertite, 

275- 
Xenotine, 288. 

Xonaltite, 281. 

Xylotile, 250. 



YELLOW lead orei-WttlfeE. 
ite, 328. 
Yttrocerite, 28a 
Yttro-tantalite, 238. 
Yttro-titanite » Keilhaoke, 269. 

ZARATITE. 27«, 337. 
Zephairovicbttey 273. 
Zietrisikite, 290. 
Ztncite, 279, 345. 
Zinc, ores of, 344. 
Zinc spinel —Gahsite, 290. 
Zinc vitriol »- Goskurite, 255. 
Zinkenite, 231, 325. 
Ztppeite^ 279. 
Zircon, 289. 
Zoisite, 270. 
Zorgite, 230. 
Zwieselite » Tri{^ie, 248. 



INDEX. 



[ The Oxides and Salts are placed under the general heading of 

the Metal."] 



ACETATES, behavior of, 63. 
Acetic acid, as a reagent, 63 ; 
evolution of, 63. 
Acid potassium sulphate, as a re- 
agent, 26; reactions with, 62. 
Alkaline earths, behavior of, 41, 

44. 
Alkaline salts, behavior of, 41, 

44. 
Alum, behavior of, 44. 

Aluminium, behavior of, 54, 56, 
59, 65, 66, 132, 192. 

Aluminium foil, as a support, 22 ; 
examination on, 43. 

Amalgams, behavior of, 42, 95. 

Ammonia, evolution of, 38. 

Ammonium salts, behavior of, 38, 
39, 70, 190; special examina- 
tion for, 73. 

Ammonium sulphide, as a reagent, 
142. 

Analysis, spectrum, 162. 

Antimony, behavior of, 42, 44, 46, 
5S» 56, 61, 66, 70, 122, 140, 143, 
145, 196; special examination 
for, 73. 
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Antimony, ores of, 300. 

Antimony sulphide, behavior of, 
40. 

Apparatus and reagents, 17, 120. 

Arsenic and its compounds, be- 
havior of, 39, 40, 42, 49, 61, 
70,84, 122, 196; special exam- 
ination for, 75. 

Arsenic, ores of, 302. 

Arsenic sulphides, behavior of, 40. 

Asbestos fibre, as a support, 139. 

BARIUM, behavior of, 59, 66, 
69, 166, 192. 

Bismuth, behavior of, 41, 42, 46, 
74, 75, 92, 196; special exam- 
ination for, 78. 

Bismuth nitrate, as a reagent, 154. 

Bismuth, ores of, 303. 

Blast, the, 35. 

Blowers, mechanical, 18. 

Blowpipe, 17; Fletcher's stand, 
18; gas, 18. 

Blowpipe analysis, general rou- 
tine, 33. 

Blowpipe flame, 34. 
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CarlHHiales, behavior of, 38. 6j, 










view of, 1 1 1 ; I'lotlner's tabular 


CansUc soda, as a reagent. I41- 




vie* of, 185. 


Cerium, behavior of. 55, 57. 59, 




Bolton, on the -clion of citric acid 


.98. 




on certain minerals 194. 


Charcoal as a iuppotl. 31 ; exun- 




Borates. See Suric AcU. 


inalioti 011, 43. 




Borax, KB a reagenl, 2b: exam- 


Charcoal splinlev, as a support, 




ination with, 51; behavior with 


135: reduction on, 134. 




(taWe), 54. 






Border colors, 121. 


ChloriiLc compounds, behavior o^ 




Bone-o&h for iiupellalion, zg. 


38,39.44.62.63, 67. 831 spe- 




Boric aei<l, its a reagent, 27. 


cial examiualion for, 82. 




Boric acid and the borntes, tieha- 


Chlorine, evolution of, 39. 




viur of, 44, 66, 70; special ei- 


Chlorine tclroxide, evolution of. 




nminalion for, 79. 


62. 




Bromine.a^ a reagent, 6j; evulu- 


Chromic acid, behavior of, 63, 64- 




tion of, i9- 


Chromium behavior of, 59, 64, 91, 






94, 157. 198; siicciil examina. 




38, 39, 44, 62; special exam- 


lion for, 8z. 




ination for. 80. 


Chromium, ores of, 305. ^^^^ 




Bunsen lamp, 19, 115. 


Cinnabar, behavior of. 40. ^^^| 




Bunsen's Rmae reactions, 125. 


Citric aciJ, action on cert«I^^^H 






erals, 294. "^^H 




xMiom. of. 128. 


Coating, formation of, 46, 49 
Cobalt, behavior of, 40. 44. 45, 




pADMIUM alloys. behavior of, 
*-^ 40. 


55, 57, 61, 84, 90. 96, «5i. 




J98: special examination lilt. 




Cadmium, behavior of, 44, 50, 55, 


MM 




56, 6r, 140, 148, 19S; special 


Cobalt nitrate, as a Tci^eg^^^^l 




examinalionfor, 81. 


Cobalt, of, 306. -^^^1 




Cnesium. behavior of, 68, 167. 






Calcium, behavior of. 59. 66, 69, 


64. 




70, 166, 192. 


Color, change of, 41. 




Carbon dioxide, evolution of, 38. 


Colored glasses, 24; action of, 


r-- 


63. 
Carbon monoxide, evoliilion of, 


119. ;^H 

Col.ir tinme, 44. ^^^^H 


38. 63. 


Color minerali, 130. ^^^H 


u 


■ 
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Condensed view of blowpipe re- 


Examination with borax and lalt^^H 


actioDii, III. 


uf phosphorus, 52. ^^^^H 


Copper, behavior of, 45, 54, 55, 


Examination with sodium carbo- ^^H 


57, 61,69, 71,74. S6, 91,800: 


^H 


special eiamiDation (or, 85. 


Examination with sodium thiosul- ^^H 


Copper cli bride, behavior of. 


60. ^^H 


71- 


Examinalian with acid potass! alA^^^^| 


Copper nilrale, behavior of, 70. 


^^H 


Copper, ores of, 30S. 


Examination with zinc and by.^^^H 


Cupper oxide, 3^ a reagent, 2S. 


drochloric acid, 64. ^^^H 


Core colore, 121. 


Examination with cobalt solutioD, ,^^^| 


Course of examination, systems lie. 


^H 


lyjEgleston's. 185. 




Cyanie acid, evolution of, 63. 


^H 


Cyanogen, evolution of, 38. 


^^H 




pERRICVANlDES, behavior ^H 

^ of, ^H 


of, 38. 63. 




Ferrocyanides, behavior of, 63. ^^^| 


r\ECREPlTAT10N, 41,44. 
-L* Deflagration, 44, 


FilmE on porcelain, 136. ^^H 


Flamccoloration. 67; examina- ^^H 




tion with respect to, 67. ^^H 


200. 


Flame colors, 122. ^^H 




Flame, oxidizing, 34; tedndng, ^^M 


PARTHS, behavior of, 41,44, 

C* 11)2. 


34; structure of, 33. ^H 


Flame reactions, 125. ^^M 


Egle^lon's course of etaminalion. 


Flames, blue, 133. ^^^| 


185. 


green, 123. ^^H 


Elements, the, flame reactions of. 


red, 1 24. ^^^1 


Hi- 


125. ^^H 


Erbium, behavior of. 194. 


Flaming, 53. ^^H 


Examination of sulistanees, order 


Fletcher's blowpipe af^ralus, iSl ^^H 


of. 36. 


Fluorine compounds, behavior of, ^^^H 


Examination in aglass tube closed 


38. 63 ; special examination for, ^^H 


at one end, 37. 


^H 


Examination in a tube open at 


Fluorite, as a reagent, 27. ^^H 


both ends, 41. 


Formates, behavior of. 38, 63. ^^H 


Examination on charcoal or alu- 


Fusibility. 41. 43, 217. ^^^H 


minium foil, 43. 


Fusibility, method of testing, 318. ^^^^ 


^^^^^^^^^^^^^^H 


^^^^^^^^^^^^^^^^1 



. ,..„ 4 


U Glass tub« closed nl une end. 


Iron, as a rengenl. 19. 


Iron, behavior of, 44, 45, 55. 57. 




61, 150, 20z; special oiaMJi 1 


Glass tubes, (u supports, aj. 


for. 90. ^mm 


Glasua, coloreii. 14; .ictioti uF, 


^H 


119. 


^^^H 


Ulucinum. U-havior of, SO. 66. 


lOLLY'S spring balano^^H 


(.Ilycerin, i&. 


Gold, u a reagenl. zg. 


^^^1 


Gi<1il, behavior nl, 44. 45. 4>i, (•'• 


I AMP. lienelius'.zo. ^^H 
Lt Ump, Bun.«eit's, 19. ^^^| 


153, 200; spedal I- X ami nation 


for. 88. 


Lamp, Forster's. zo. ^^^^| 


Uaia.orwaf.jIS. 


Landauer's cuurbe of ex^^^H 




^^M 


^L LI ALOI D ■;alf<>, liehavior of, 44. 
^^B n Hardneui of minenils, 219. 


Unlhanum. behavior of, 54. 56, 


202. 




Lend, as a rea)>ent, 28, 


aclioiix, 43, 


Lead, behavior uf, 4:, 47, 52, 


Ilydriodic acid, rumlng, nx a ve- 


55. 56. 6i. 70, 74, 75, 148. 


agctK, 139, 


202 i apcciJ e^aminalion for. 




92. 


HydrochUmc add, sa « reagent, 


I«afl. ores of. 313. 




Uthium. behavior of. 69. 165. 


..r, 63. 


190; special examination for. 


^_ HyilrofliinTLC ai:ld, evolution or. 


93- 


^k 


Lustre of mineraU, 217. 


^M TNDIGO prism, 26. 

^^^ i tn<liiini, behavior uf, 44, 49, 


yAGNESlUM arsenate, be- 
IVl havior of. 66. 


^H 68. 71, lai. 149. 167, 200. 


Magnesium, behavipr of, 59, 66, 


^^1 Intumescence. 44. 


I9i, 


^^M Iodine ccimpcinndb, hehnvior of. 


Magnesium phoiiphale, behavior 


^H 39> 44. S». 62: srecial exam- 


of, 66. 


^H inalion far. S9. 




^^1 Iodine, evulution of. 39. 


134- 


^V Iridium, behavior of. 44, 45. 152, 


Manganese, behavior of, 55, 57, 


^K! 200. 


59.67, 90, 157. 204; special 


^^^^ Iridium, ores of, 315. 


examination for. 94. 


^^ 



Manganese, ores of, 331. 

Mantle colors, 121. 

Mechanical blowers, iS, 

Mercuric cyanide, as a reagent, 
tSz. 

Mercnry, behavior of, 40, 41, 42, 
61, 147, 204; special examina- 
tion for, 95. 

Mercury chlorides, behavior of, 
39- 

Mercury, ores of, 333. 

Merz; fiame-colorBtion, izi. 

M«Ial-reduction, 45. 

Minerals, determination by means 
of Ihe blowpipe, 316. 

Minerals with metallic lustre, 2z6. 

Minerals without metallic lustre, 
339. 

Minerals, decomposition by acids, 



Minerals, formation of ! 



Molybdenum, behavior of, 51, 55, 
57, 61, 64, 70, 155, Z04; spe- 



acid, behavior of, 64. 



55. 57.59. 6». 96.150, 206; 
special examination for, 96, 
Nickel, ores of. 335. 
Nickel oxalate, as a reagent, iS. 
Niobium, behavior of, 59, 64, 66, 

Nitrates. See JVitrie ytcui. 
Nitric acid, as a reagent, 28. 
Nitric acid and the nitrates, be- 



havior of, 37, 38, 44, 62, : 

-tpecial examination for, 97. 
NiltiLKS. See Mlrous Acid. 
Nitrogen letroxide, evoluttui 

38, 62. 
Nitrous acid and the nitrites, b«> - 1 

haviov of, 38, 44, 62. 



' Open glass lube, e 






Ores, charade rislics of the mM 

important, 300. 
Organic acids, behavior of, 63. 
Organic compounds, niirogenotUv I 

behavior of, 38. 
Organic substances, behavior of,.^ 

41. I 

Osmium, behavior of, 39,44, Ij^. j 

208. 
Oxalates, behavior of, 38, 63. 
Oxidized minerals, list of, 291. 
Oxygen, evolution of, 39. 

PALLADIUM, behavior of,44. 



45- '5' 



,208. 



Peroxides, behavior of, 37, 

Phosphates. Sec FhespkoHc Add. 

Phosphorescence, 41, 

Phosphoric acid and the pho»? I 
phate5,behavioror,66,7o, I59t I 
special examination for, 97 

Platinum, as a support, 23. 

Platinum, behavior of, 44, 45, fa,\ 

Platinum, ores of, 315. 
Plattner's tabular view of blow- i 
189. 



N 



■ J. 



* # 

i».^»i -i. "J*, -iS, N4lvci iiiiraic. i> i resgti.:. I3»- 

. t. •-+. ''i*^- >^»lvt:i, .lie* ij. 33S. 

•' 1. ■....!., .. . .1 jca^^cal, >*'^*J^ilUU», :»Cii»t\ lur oi. 68, I2i. 125. 

105. ItyO. 

■■• .* v., ■ . .1 icaj;ciii, >>oi.Liiiiii \.ai iKjiiate, as a reigrat, 

-5 ; icaciioii:> w:iii, 5S. 
. .. ._s...i4.ic, ■.-» -I ic- Soviiuui nitralc, 26. 

Sodium ihiu^ulphate, a> a reagent, 
..... .1 :\ja^cul, JO. JO; tcuciii>tiN with. 60. 

. . . ^ a^ciii, -'o. SiHrcial examination for certain el- 
,....., .. ,.i. .1 . .1 ic- ciuciiLs ill cumhinaiion. 72. 

..'u. \ulii, U2. SiH;cilic ^lavily of minerals, 22a 

v>. Spccli-o>cv»in;, 103. 

J. SpccLium analysis, 162. 

^. :.. Spccuum lines, table of, yiVfwi^w- 

1 > ... \., ..ULwoi '1, V4, Siai»i»ou> chloiitle, as a reagent, 

.. ...N, u>o. Slam o>cot>e, 222. 

■vjc*. >Uc.ilv oi minerals, 220. 

■>;:.. li. I inu, ^«. 1ki\ i«i| •»!, 54, :;o. 50, 

•x\ -v), ! j_>, 105, 102. 
~^^: inLC, v>i iiuiliv)!! n, \x\. 

■»U ■■■:.■• <w'^. S5.C ^iti.*^fittf Cjtn- 
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.- '4^ ■* I "•! ** 
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Supports, flame, 21, 139. 

Systematic course of examination, 
170; Egleston's, 185. 

Systematic examination of com- 
pound inorganic substances, 1 69. 

Systems of crystallization, 220. 

TANTALUM, behavior of, 54, 
57, 59, 66, 157, 208. 

Tellurium and its compounds, be- 
havior of, 39, 40, 42, 51, 54, 56, 
59, 70, 140, 143, 161, 210; spe- 
cial examination for, 104. 

Test papers, 29. 

Thallium, behavior of, 44, 48, 62, 
70, 143, 148, 167, 210. 

Thorium, behavior of, 54, 56, 59, 
194, 

Tin, as a reagent, 29. 

Tin, behavior of, 41, 47, 66, 74, 
106, 154, 210; special exam- 
ination for, 105. 

Tin, ores of, 343. 

Titanium, behavior of, 44, 54, 57, 
58, 64, 66, 156, 212; special 
examination for, 106. 

Tungsten, behavior of, 44, 55, 57, 
58, 64, 108, 156, 212; special 
examination for, 108. 



URANIUM, behavior of, 55, 
57, 59, 62, 91, 108, 158, 
212; special examination for, 
108. 

T rANADIUM, behavior of, 55, 
^ 57, 59, 64, 109, 143, 157. 

214; special examination for, 

109. 
Vapor, evolution of, 37. 

WATER, evolution of, 37; 
mechanically included, 37. 
Water of crystallization, 37. 
Water of hydration, 37. 

YTTRIUM, behavior of, 54, 56, 
59, 194. 

ZINC and hydrochloric acid, 
reactions with, 64. 
Zinc, as a reagent, 29. 
Zinc, behavior of, 41, 49, 55, 56, 
62, 66, 92, 109, 122, 149, 214; 
special examination for, 109. 
Zinc, ores of, 344. 
Zirconium, behavior of, 54, 50, 59, 
66, 194. 
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THE END. 



